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President's Letter 


THAD P. SEARS, M.D. 


This issue marks the beginning of a significant development in the life of the Journal. 
Henceforth there will be twelve issues each year. This step had to be taken if the Journal is to 
reach its full maturity. 


The Publications Committee Report, made to the Trustees in November 1963, is printed 
elsewhere in this issue. The Report ably sums up the steps that led to this much desired re- 
sult. Its perusal will also disclose that the editor cannot bring about the changes that have 
been proposed unless the members, by their’ cooperation, provide him with those items which 
are listed in the third paragraph of the Report. Every member is therefore urged to give heed 
to this necessity. 

You will be interested, I think, in what went on at the Society’s meeting of its Trustees 
on November 22 and 23, 1963, in Chicago. Fifty members attended, including trustees, offi- 
cers, chapter representatives and chairmen. It was the largest winter meeting in our history. 


On the first day a special committee of 25 members gave five hours of difficult study to 
a revision of our bylaws. Additional time was given by the trustees on the second day. From 
these studies a completed final revision will be prepared and circulated to all members for 
their vote at Berkeley in June 1964. 

The assassination of the President gave us pause, while members stood in silent prayer. 
They returned to their task with troubled spirits and the grief felt by all Americans in that 
hour of shock. 

The second day was occupied by the Trustees’ Meeting. The Treasurer's Report showed 
the Society to be solvent; but certain observations have indicated a need for a sound budget. 
Such a budget was presented to and accepted by the Trustees. 

The Committee on Legislation, although watching the situation, had very little new in- 
formation to report. The report of the Publications Committee is referred to above. 


The Membership Committee recommended 109 new members. These were accepted. 


The Committee on Technologists reported important advances. A manifesto will be pre- 
pared which, if signed by all five societies now cooperating, will become a statement of intent 
in regard to the training, examination and registry of nuclear medical technologists. This is 
founded on five items to which all signatories will agree. These items are (1) a unified cur- 
riculum, (2) a unified examination, (3) a unified Registry and (4) a willingness to defer 
further independent examinations. The fifth item looks to universities and accredited hos- 
pitals for the technologists’ training. The Trustees gave provisional approval to the plan. 

Education and Research reported an excellent women’s scientific program for the Berkeley 
meeting. The President’s Report showed satisfactory progress of the platform set forth at the 
Montreal meeting. 


The Committee on Certification, as part of its policy, proposed a new category of So- 
ciety membership. By means to be worked out by a council of experts, a member by meeting 
rigid criteria, may become a Fellow of The Society of Nuclear Medicine. The Trustees directed 
further study and a report in June 1964. 

The Committee on AMA Liaison noted the need for the presentation of papers and ex- 
hibits by members of the Society at AMA meetings. The chairman urged that exhibits shown 
at the Nuclear Society meeting in June 1964 be later moved across the bay to the AMA meet- 
ing by special permission of the AMA. Members should communicate with Drs. Ariel or 
Taplin or Mr. Hlad in regard to this matter. 


The June 1964 Scientific Program was discussed in the last President’s Letter. The 
Local Arrangements Committee report will be covered in a future Letter. The 1965 annual 
meeting goes to Florida. The petition for the 1966 meeting in the New York-Philadelphia 
area was favorably accepted by the Trustees. 


I extend personal regards of the officers to the entire membership. 
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An Approach to the Scanning of Pulmonary Infarcts’” 


James L. Quinn, III, M.D.,° Joseph E. Whitley, M.D.,* 
Allen S. Hudspeth, M.D.,> and Finley C. Watts, B.S. 


Winston-Salem, North Carolina 


INTRODUCTION 


The clinical diagnosis of pulmonary infarct is often difficult. The vagaries of 
radiologic diagnosis (2) have recently been reviewed. 

Because it is important to differentiate pulmonary infarcts from other condi- 
tions, and because of changing concepts of treatment with even surgical removal 
of pulmonary emboli a practical present day consideration, more accurate diag- 
nostic procedures are needed. 

Williams, et al (2,3) have reported the use of pulmonary angiography for the 
detection of pulmonary emboli in 50 patients with suspected pulmonary emboli. 
Ariel (1) has reported successful scintiscanning of surgically created pulmonary 
infarcts in animals employing the intravenous injection of radioactive micro- 
spheres. He has also described his experience in applying the technique in 
humans. 

Since some diagnostic aids are inexact and others difficult or potentially 
harmful to a group of patients who are usually seriously ill, we have attempted to 
use soluble radioisotopes in an effort to develop a new technique. The investiga- 
tion has been carried out by studying the distribution of radioisotopes in the 
circulation of dogs who have had pulmonary infarcts produced by artificial em- 
bolization. The production of the embolus is by a simple technique which does 
not otherwise disturb the circulation of the lungs or adjacent structures, and does 
not involve thoracotomy. 


EXPERIMENTAL DESIGN 


1. Mongrel dogs were examined for heart worms (Dirofilaria immitis) by 
peripheral blood smear inspection, and for gross pulmonary disease by chest 


roentgenograms. The dogs were 10 to 17 Kg in weight, except for a single dog 
weighing 23 Kg. 


1Departments of Radiology and Surgery, Bowman Gray School of Medicine. 


“This project was supported by a grant from the Fluid Research Funds of the Bowman 
Gray School of Medicine. 


3Fellow, American Cancer Society. 
4Senior Investigator in Clinical Research, N.C. Heart Association. 
5Research Fellow, National Institutes of Health (Heart Institute ). 
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2. Radiopharmaceutical. Three compounds were chosen for testing viz. 
Chromium-51 tagged red cells (CR®'-RBC), Iodine-131 human serum albumin 
(RI?81SA), and Mercury-203 chlormerodrin (Hg?°*CM) on the basis of avail- 
ability and proven utility in other scanning procedures. 

3. Dosage. To insure adequate tissue radioactivity in this experiment, a dose 
of 500 microcuries of Hg?°°CM, 250 microcuries RI'™'SA, and 250 Cr*!-RBC 
was used for each experimental animal regardless of weight. 

4. Embolus Technique. A simple method of embolization was developed by 
one of the authors (A.S.H.). It will be reported in detail in a forthcoming article 
along with the gross and microscopic changes in the lung. It involves the intro- 
duction of a piece of Ivalon (TM) surgical sponge into the external jugular 
system of the anesthetized dog. 

5. Study Groups. There were three major and two minor study groups: 

Group A. Control—injection of the radiopharmaceutical followed by sacri- 
fice of the dogs at intervals of 1, 4, 8, 12 and 24 hours. 

Group C. Older Embolus—embolus followed by the injection of the radio- 
pharmaceutical one hour later followed by sacrifice of the dogs at intervals of 
1, 4, 8, 12 and 24 hours. 
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Fig. 1 Group A—Control. Mean radioactivity ratio and range of normal lung in cpm/gm 
to whole blood in cpm/gm., at intervals of 1, 4, 8, 12 and 24 hours after the intra- 
venous injection of Hg?°° chlormerodrin. 





APPROACH TO THE SCANNING OF PULMONARY INFARCTS 3 


Group B. Recent Embolus—embolus followed by the injection of the radio- 
pharmaceutical twenty-four hours later followed by sacrifice of the dogs at inter- 
vals of 1, 4, 8, 12 and 24 hours. 

Two or three dogs were used to study each of the above intervals. Two 
other groups were studied, each consisting of two animals. 

Group D. Embolus followed by injection of the radiopharmaceutical forty- 
eight hours later followed by sacrifice of the dogs 24 hours post-injection. 

Group E. Embolus followed by the injection of the radiopharmaceutical 94 
hours later followed by sacrifice of the dogs 4 hours post-injection. 

6. Necropsy. The animals were electrocuted and dissected. Samples of 
grossly normal and infarcted lung were removed for microscopy. 

7. Tissue sampling. The following tissues were obtained for radioassay in 
an automatic gamma well counter: lung, normal and infarcted; whole blood; 
myocardium; liver; spleen and renal cortex. 

In order to test the validity of random sampling of lung tissue, a control 
dog had nine samples taken from each apical and diaphragmatic lobe (three 
at the peripheral visceral pleural reflection, three in the mid-portion of the lobe 
and three close to the hilum), and six samples from each cardiac lobe (two pe- 
ripheral, two mid and two central or hilar). The counts per minute per gram 
(cpm/gm) of tissue was determined and the values analyzed statistically. The 
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Group B—Embolization 1 hour prior to isotope injection. Mean radioactivity ratios 
and ranges of uninvolved and infarcted lung in cpm/gm to whole blood in cpm/gm, 
at intervals of 1, 4, 8, 12 and 24 hours after the intravenous injection of Hg2* 
chlormerodrin. Dotted line represents ratio of radioactivity of infarcted lung to unin- 
volved lung. 
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lobes were compared one to another, the lungs were compared one to another 
and the samples obtained from the mid-section of all six lobes were compared 
with the samples obtained from the hilar regions. Statistically there was no dif- 
ference in activity per gram of tissue between lobes or lungs (P> 0.5). The 
samples obtained from the periphery were compared to the samples obtained 
from the mid and hilar regions, and the activity levels of the two regions were 
statistically different (P< 0.001). Therefore, random sampling of the lungs was 
abandoned and the normal and infarcted lobes were each homogenized and 
analyzed. A kitchen blender was used and a satisfactory homogenate was ob- 
tained for radioassay. 

8. Sample counting and recording. The tissues were placed in weighed 
counting vials and the sample weight determined immediately. The tissues were 
then counted in an automatic gamma ray well-type counter and the cpm/gm 
of tissue determined. A ratio of the cpm/gm tissue to the cpm/gm whole blood 
was the determined and this value was used to graphically describe the distribu- 
tion of the radiopharmaceutical. 

9. Scanning. Two animals were subjected to pulmonary embolus, and 
twenty-four hours later the radiopharmaceutical was administered. Four hours 
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Group C—Embolization 24 hours prior to isotope injection. Mean radioactivity ratios 
and ranges of uninvolved and infarcted lung in cpm/gm to whole blood on cpm/gm, 
at intervals pf 1, 4, 8, 12 and 24 hours after the intravenous injection of Hg?0% 
chlormerodrin. Dotted line represents ratio of radioactivity of infarcted lung to unin- 
volved lung. 
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post-injection the animals were sacrificed and dissected. The heart and lungs 
were removed in toto and the organ block was scanned. 


RESULTS 


1. Emboli were released into the circulation of 52 dogs. None of the animals 
were disabled in any way by the procedure as judged by inspection and observa- 
tion of their behavior prior to sacrifice. Gross and microscopic changes consistent 
with hemorrhagic infarction developed in 43 dogs. Of these, 31 were in the right 
diaphragmatic lobe and 12 were in the left diaphragmatic lobe. No infarct was 
present in 9 instances. Only 1 large dog (23 Kg) had the embolus in a pulmon- 
ary artery without gross changes. The embolus could not be found in the pul- 
monary arteries of the other 8 dogs. It is presumed that it was lodged in the 
venous structures leading into the right atrium or in the papillary musculature 
of the right ventricle. 

2. RI'%1SA, Cr*!-RBC: There was no significant difference in infarct area and 
uninvolved lung activity with tagged red cells and RI'*4SA. There was consid- 
erable retained blood stream activity with these compounds, making the heart 
blood pool an interfering factor in regard to scanning. After this initial experi- 





Fig. 4 Photoscan with superimposed line drawing of block dissection of heart and lungs 
demonstrating diminished activity in association with an infarct of the right dia- 
phragmatic lobe. The normal to infarcted tissue activity ratio was approximately 2:1. 
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ence was verified with 3 animals in each group all further attention was concen- 
trated on Hg”®* chlormerodrin. 

3. Hg*°? Chlormerodrin: The chlormerodrin was the only compound in 
this group which had significant uptake differences in the infarct as opposed to 
uninvolved lung, and in addition the blood activity was low after one hour. 

A. Lung. In the control Group A, pulmonary activity rose and was rela- 
tively constant from the 4th through the 8th hour, with a peak at 12 hours and 
a slight fall at the 24 hour interval (Fig. 1). The embolus Groups B and C be- 
haved much the same, peaking at 8 and 24 hours for both the normal and the 
infarcted tissue. In Group B, the percentage activity in the infarct area as com- 
pared to uninvolved lung maintained a level of 65-75 per cent from one through 
24 hours (Fig. 2). In Group C this value remained constant from the first 


TABLE [ 


MEAN Activity RATIO OF TISSUE TO WHOLE BLoop As MEASURED 
In Counts PER MINUTE PER GRAM. 
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*See Experimental Design 5, for Group Definition. 
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until the 12th hour at around 45 per cent, and by 24 hours had risen to 60 per 
cent (Fig. 3). The activity in the infarcted areas of the lung in Groups D and E 
(emboli 48 and 94 hours old) was around 37 per cent that of uninvolved lung. 
Infarcted and uninvolved lung segments were submitted to radioactive assay in 
both the natural and dessicated state. The activity differential of the infarcted 
lung to normal lung in the wet state was approximately the same when aliquots 
of lung were dried, supporting the thesis that the activity differential was not 
dependent on the edema associated with the infarct. 

B. Heart. The activity curves in Groups A, B, and C were quite similar 
to lung with activity peaks at 4 and 12 hours in Group A, and at 8 and 24 hours 
in Groups B and C (See Table 1). The absolute radioactivity levels in the nor- 
mal myocardium are sufficiently low that they would probably not interfere with 
lung scanning. 

C. Kidney Cortex. The activity curve in the renal cortex parallels that of the 
myocardium in Groups A, B and C (Table I). The absolute activity differential 
of kidney cortex to myocardium is approximately 300/1. The activity in the kid- 
ney cortex is much higher than in the kidney medulla. The cpm/gm tissue activ- 
ity differential of cortex over medulla is in the order of 6-10/1. 

D. Liver and Spleen. The activity as measured by cpm/gm of liver and 
spleen are quite similar to the lung (Table I). Initially, splenic activity is higher 
than liver activity per unit weight. In Groups A and B the liver activity became 
higher than the splenic activity between the 8th and 12th hours; in Group C this 
occurred between the 12th and 24th hours. 


E. Scanning. The photoscan outlined an area of decreased activity in the 
infarcted right diaphragmatic lobe (Fig. 4). The tissue activity per gram of the 
infarcted lobe was 45 per cent of normal lung. 


DISCUSSION 


The ideal radiopharmaceutical for the scanning of pulmonary infarcts would: 

1) concentrate rapidly at a significantly different level in infarcted and unin- 
volved lung tissue; 

2) be so selective in the organs in which it concentrates as to present a low 
radiation background when other organs are compared to the lungs; 

3) must rapidly clear from the blood stream if the infarct isotope concentra- 
tion is lower than that in the blood; 

4) give a low radiation dosage to the patient with a suitable gamma energy 
for scanning; 

5) be non-toxic. 

From the superficial investigation made with RI'*‘SA and RBC-Cr°', they 
do not fulfill enough of the above criteria to warrant further investigation. 

From the data on experiments with Hg?°*-CM, several generalities are ob- 
vious. The infarct from a one hour old embolus reacts to chloromerodrin differ- 
ently than the infarct that is association with a 24 hour old embolus. An infarct 
one hour after embolization will attain approximately 70 per cent of the activity 
level of uninvolved lung, while the infarct from a 24 hour old embolus will take 
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up only about 40 per cent as much activity as uninvolved lung. The activity of 
the heart and the blood clears rapidly and is negligible one hour after the injec- 
tion of chloromerodrin with respect to scanning. 

The activity of the spleen and liver parallels that of the lung, per unit 
weight, but will undoubtedly interfere because of the greater total mass of these 
organs with lower lobe scanning in vivo. In addition, when the kidney is situated 
near the diaphragm, its 300/1 activity differential would also interfere with de- 
tection of basal infarcts. The differential in radioactivity between the infarcted 
and uninvolved lung in cpm/cc in the aerated state would undoubtedly differ 
from that calculated in cpm/gm from homogenized lobes. If significant atelectasis 
exists in the infarct, the possibility of obtaining the necessary differential for a 
diagnostic scan would be lessened, as the cpm/cc for infarcted and normal lung 
would more closely approach each other even though their cpm/gm would still 
be approximately 1:2. 

SUMMARY AND CONCLUSIONS 


1. A simple embolus technique for producing pulmonary infarcts in mon- 
grel dogs is described. It was successful in 43 of 44 instances where the embolus 
could be located within the pulmonary artery system. 

2. Three radiopharmaceuticals viz. Cr! tagged red blood cells, I'*! human 
serum albumin and Hg*®* chlormerodrin were evaluated as to their possible 
efficiency in detecting such infarcts. Chlormerodrin was the only one found to 
be promising. 

3. Successful scans of the pulmonary infarct outside of the chest were ob- 
tained. No attempt was made to scan the lungs inflated or within the chest. 

4. Hg?’ chlormerodrin is not likely to be a satisfactory compound for de- 
tecting pulmonary infarcts in clinical practice, particularly in regard to scanning 
the lower lobes of the lungs, due to interference from liver, spleen and renal 
activity. 

5. The described experimental technique is probably satisfactory for initial 
screening of other radiopharmaceuticals for possible use in the detection of pul- 
monary infarction. 
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Observations of Cerebral Arterio-Venous Transit Times 
Using Radio-Iodinated Human Serum Albumin’ 


Robert L. Bell, M.D. 
Wadsworth, Kansas 


In order to measure the parameters of cerebral blood flow, it is necessary to 
procure records which reflect the dynamic changes in cerebral circulation. In 
our first efforts to record cerebral arterio-venous transit times (1,2), we were 
severely limited by the instability and insensitivity of the instrumentation. It has 
been possible to overcome most of the problems of instrumentation during the 
past year and we are now able to obtain curves having greater resolution and re- 
liability. Records in the future may be subjected to mathematical analysis in 
order to arrive at statements concerning cerebral blood flow. 


METHOD 


After routine percutaneous serial carotid angiography has been completed 
and satisfactory evaluation of the cerebral circulation has been performed, the 
radioactive test is completed. Radio-iodinated human serum albumin (I'*!) 100 
ue in 0.25 ce is injected through the carotid puncture site. DS 8-1 probes (Nu- 
clear Chicago) (Fig. 1) record the activity over the internal carotid artery at 
the highest point in the cervical area and at the confluence of the venous sinuses. 
The pulses are then fed into precision rate meters (Nuclear Chicago 8350) (Fig. 
2). These rate meters cannot be overloaded, have a resolution of 1 micro second 
and a rise time of 0.2 micro seconds. Just prior to the binary driver the pulses are 
fed to a dual channel tape recorder (Ampex 354) having an overall frequency 
response 30 cps — 18 KC. The recording is continued for as long as desired. The 
taped pulses are then returned to the rate meters where they are processed 
through the positive 100 volt discriminator circuit. In this instance the pulses are 
processed through the rate meter which has a wide selection of time constants 
from 0.2 sec. to integrate and a wide variety of scales for count rate. The “logic” 
type of rate meter has no coincidence loss at the frequencies under investigation. 
The rate meter values are recorded on sensitized paper which develops rapidly 
under ultraviolet light. The recorder is a Heiland 1508 oscillograph which has a 
wide range of recording speeds (0.1 — 80 inches/sec.) and a selection of time 
markers (0.01 — 10 sec.). The galvanometers are Heiland (Type V-450-55 B) 


*From Sec. Neurological Surgery, U.S. Veterans Administration Consolidated Center Hos- 
pital, Wadsworth Division, Wadsworth, Kansas. 
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having a response of 0-270 cps. The schematic diagram (Fig. 3) summarizes the 
instrumentation. 


RESULTS 


With the newer instrumentation we have been able to improve the quality of 
the records. The average cerebral arterio-venous transit time is 6-8.0 sec. Previ- 
ously published data was obtained with rate meters having longer time constants. 
Therefore the newer tracings have certain characteristics which were not observ- 
able in those of the original communication (Fig. 4). In this instance a curve was 
obtained from a patient who was suspected of having an internal carotid occlu- 
sion, but who on angiographic examination was found to have a normal internal 
carotid artery system. The cerebral transit time was 8 sec. At the arterial input 
one notes a spike of radioactivity as it passes beneath the first probe. Later be- 
cause of the proximity of the arterial probe to the jugular vein a bell shaped curve 
appears. The venous probe over the major outflow point has already seen the 
same outflow bolus several seconds before. This tracing is characteristic of the 
newer recordings. This type of recording results from more sensitive, and more 
flexible instrumentation. The findings in this particular tracing were correlated 
with those observed in serial angiograms. 

The next patient was subjected to angiography because of progressive stupor, 
left hemiparesis, and stiffness of the neck. Angiograms revealed a space occupying 
mass of the right temporoparietal area. The isotope technique was applied after 
completion of angiography (Fig. 5). It was noted that the venous transit time 


Fig. 1. Position of patient for injection. 
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Fig. 2. Instrumentation: Rate meters are at the upper left. The recording section is at left. 
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Fig. 3. Schematic diagram of the system. (From BELL, R. L. and HERTSCH, G. J., J. 
Nuclear Med. 3:399-406, 1962. 
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was prolonged and that the flow was such that a good statistical distribution 
curve was not obtained at the inion or the jugular vein. Correlation of these find- 
ings with the serial angiograms revealed arterial filling at 1 sec., beginning capil- 
lary phase at 3 sec., and little venous filling or emptying at the end of 20 sec. In 
this instance there was marked venous stasis. At operation a large posterior tem- 
poroparietal brain abscess was evacuated. 

Twenty-three patients have been subjected to this new technique. Fifteen of 
those examined had cerebral arteriosclerosis and had average transit times of 
10-13 sec. Two patients had cerebral edema secondary to closed head trauma 
and had an average time of 14 sec. Two others were examined who had sub- 
dural hematoma whose transit times were 15 sec. and 21 sec. One had a brain 
abscess with marked sluggishness of venous drainage as cited above. Three 
others were examined for intracranial lesions but found to have normal circulation 
and an average arterio-venous circulation time of 6-8.5 sec. Unfortunately in the 
present series we have not had an examination noting alterations of the arterio- 
venous transit time in cerebral neoplasia. 


Fig. 6. Observations obtained from heart lung pump oxygenator. Upper tracing over input. 
Note appearance of second circulation. Lower tracing shows maximum after radio- 
active slug has traversed oxygenator. 
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DISCUSSION 


In order to help clarify the problem of flow through a “pool” from a single 
input to a single output a physical analogue was constructed using a heart lung 
machine. The pump was set at 125 rpm. with a flow rate of 2820 cc/minute. The 
oxygenator pool contained 850 cc. A tracing (Fig. 6) similar to the human tracing 
was obtained. The scintillation probes were placed over the inlet and outlet of the 
oxygenator. As the chamber size, shape, and internal resistances were changed 
the outlines of the curves were altered. Obviously there could be an infinite num- 
ber of configurations of the experimental analogue and the analogue-human rela- 
tionship would be difficult to compare. This would also be true of the electrical 
analogue. 

There are certain difficulties to be overcome in the mathematical analysis of 
the curves as presented. As noted in the work of Sheppard (3) we would be 
able to give information relative to blood flow by the analysis of input-output 
curves. This would be especially true if it were possible to conclude that the brain 
had a measurable arterial input, one venous output and the sizes of the vessels 
were known. This cannot be stated with certainty at the present time. Certainly 
the human brain circulation cannot be simplified to the point of one input and 
one output. 

We envisage that instrumentation can still be improved, however, there 
are certain contaminations of the record with pulses arising from interposition of 
the circulation of the scalp. This cannot be eliminated entirely. 


SUMMARY 


A newer more sensitive and reliable system for the measurement of cerebral 
arterial-venous transit times is described. It is hoped that the newer curves will 
yield to mathematical analysis and a description of flow. 

In each instances the observed transit time was in agreement with the time 
observed by angiography. 
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A Method for Maintenance of Curie Quantities of 
Y”-DTPA in the Human Body for 
Defined Time Periods: Technique and Dosimetry 


H. S. Winchell, M.D., Ph.D., M. Pollycove, M.D., W. D. Loughman, B.S. 
and J. H. Lawrence, M.D. 


Berkeley, California 


INTRODUCTION 


An interest in developing techniques for selective irradiation of human lym- 
phatic structures with internally-administered radioisotopes has led us to develop 
a method for maintaining in the body large quantities of certain radioactive mate- 
rials for specified time periods, with subsequent excretion. The technique lends 
itself to use with any isotope which is either rapidly excreted from the body by 
the kidneys or which can be bound tightly to a material which is rapidly excreted 

‘by the kidneys. The procedure involves the continuous collection and processing 

of urine containing the excreted radioisotope and its intravenous administration 
at a rate exactly equal to its rate of excretion. Our specific technique utilizes 
Yttrium-90 chelated with diethylene triamine penta-acetic acid (DTPA). 


THE IRRADIATION PROCEDURE 


This procedure requires that the form in which the isotope is administered 
be excreted quantitatively and rapidly by the kidneys. We found this requirement 
fulfilled by isotopes bound to a chelating agent which is cleared by the kidneys. 
In the specific case discussed in this paper Yttrium-90 chelated with diethylene 
triamine penta-acetic acid (DTPA) was used. Yttrium-90 is a pure beta emitter, 
thereby reducing the hazard to attendant personnel and maximizing the effect of 
selective localization of the DTPA chelate. Following a single intravenous injec- 
tion of the material the Y°°-DTPA complex is cleared quantitatively by the kid- 
neys with a half time of approximately 64 min in dogs. Constant levels of radio- 
activity can be maintained in the body for a specified period of time by contin- 
uous reinfusion of urine containing the excreted isotope. Equipment used for 
this procedure is diagramatically represented in Figure 1; a photograph of the 
equipment is shown in Figure 2. The bladder is catheterized and the urine is 
allowed to flow by gravity into a drip chamber. The urine is then pumped from 
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Fig. 1 Schematic representation of the continuous intravenous urine pumping system used in 
humans. 


this chamber through a millipore filter and from there into a bubble collection 
chamber and then back into a vein. A plastic Rochester needle is placed in the 
vein as a convenient site for infusion. An opaque float in the collection chamber 
permits operation of the photoelectric cells controlling the sigmamotor pumping 


rate so that it depends only on the rate of urine production. The radioisotope may 
be introduced into the patient with this same system by having the urine pass 
through a container of radioactive material (Fig. 3). The container is filled with 
glass beads which act as a radiation-energy trap to decrease the effects of high 
energy fluxes on the chemical nature of the infusion solution of highly concen- 
trated radioisotope. The radioactive material may be introduced into this con- 
tainer by placing the connection marked number 1 into the radioactive sample 





Fig. 2 Actual photograph of the intravenous urine pumping system. 
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and aspirating connection marked number 4. After the container is filled, lines 
number 1 and 4 are clamped and sealed; and 2 and 3 are then attached to the 
urine recycling system. When it is desired to infuse the radioactivity into the 
patient, the by-pass arm is clamped and the urine is then forced to flow through 
the container, carrying the activity into the vein. 


PATIENT ENCLOSURE 


In order to contain any spill involving radioactive material during the irradi- 
ation procedure, as well as to shield attendant personnel from the patient, an 
enclosure was built (Fig. 4). It is a box eight feet long, three feet high and three 
feet wide with lucite side panels for easy visualization of the patient during the 
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Fig. 3 Schematic representation of a container for holding and delivering Curie quantities of 
Y” in the system diagramed in Fig. 1. 
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irradiation procedure. The patient lies on a cot automatically regulated and posi- 
tioned by hydraulic pumps located outside of the enclosure. All air entering the 
box is filtered and all air leaving the box is exhausted through filters suitable for 
handling airborne contamination. Drawers are fitted into the chamber to allow 
passage in and out of materials as necessary. Each of the two lucite side panels 
has large glove ports that can be rotated 360°. With the use of gloves the patient 
can be manipulated, blood samples may be taken and any necessary operations 
can be performed within the box. Attached to one end of the box is the chamber 
that contains the urine recycling apparatus. The entire enclosure is mounted on 
a dolly and is readily transportable. Further details on the construction of this 
enclosure as well as enclosures suitable for the similar handling of dogs and 
monkeys are published elsewhere (1). 


RESULTS 


Thus far, 5 human beings have been treated using the facilities described. 
Up to 560 mC of Y® per patient has been administered. There has been no tox- 
icity or morbidity due to the intravenous urine recycling procedure per se. Over 
sixty dogs and six monkeys have undergone similar urine recyclings with no mor- 
bidity resulting from intravenous urine recycling for periods in excess of six 
hours (2). Figure 5 shows a plot of plasma levels of radioactivity obtained dur- 


Fig. 4 Photograph of the enclosure used for patients receiving Y°-DTPA irradiation. 
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ing and following the urine recycling procedure in a human subject. The con- 
centration of activity in the plasma is maintained at a relatively constant level 
throughout the period of reinfusion of radioactive urine. At the time the radiation 
procedure is to be discontinued, intravenous urine recycling is stopped and the 
urine collected in shielded containers. At this point the blood is very rapidly 
cleared of the circulating radioactivity in a single exponential fashion for the 
subsequent 18-24 hours. Within 24 hrs the Y®-DTPA in equilibrium with the 
extracellular fluid has decreased to 1/1000 of its initial concentration. After one 
day following radiation dogs, monkeys and man are sufficiently free from radio- 
activity to be handled in a routine manner. Within 24 hours after cessation of 
urine recycling, human beings, who have had several roentgens per hour ema- 
nating from their body surfaces during the recycling period, have decreased sur- 
face emission to approximately 20 mr per hour. 


Tissue distribution of Y°’-DTPA and dosimetry estimations 


Since the ordinate of the curve in Figure 5 represents counts per unit time 
per ml of plasma, and the abscissa represents time, the area under the curve 
obtained is a measure of the total number of “counts” or beta particles released 
in a ml of plasma. Since the average energy of the Y°° beta particles is known 
(0.90 MeV), we can determine the energy of all the beta particles released in a 
ml of plasma. If we assume that equilibrium conditions prevail, the number of 
beta particles losing their energy in the ml of plasma is equivalent to the number 
of beta particles originating in the same ml of plasma. The amount of energy 
released in the unit volume of plasma in question equals the product of the ‘otal 
number of beta particles released and the average energy of each beta particle: 


fee} 


of Y"’)dt x EBy”” ; 


where 


E,, = energy released in a unit volume of plasma, 
a(Y®) = disintegration per unit time due to Y® in unit volume of plasma, 


Ey" = average energy of Y®, 
= 0 
The value of f a(Y®)dt can be estimated from Figure 5 as follows: during 
t=0 


the time of recycling (0 time to the end of recycling) the area under the curve 
equals the average activity (in disintegrations per unit time) in the blood, times 
the time of recycling. After recycling has been discontinued the curve is essen- 
tially a simple exponential for the next 24 hours, after which time only negligible 
levels of Y® in equilibrium with plasma are left in the body (blood activity levels 
at the end of 24 hours are less than 1/1000 of their values during the recycling 
phase). The maximum number of beta particles discharged in the plasma by the 
residual Y® after the first 24 hours represents less than 0.08 per cent of the total 
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number of beta particles discharged during the first 24 hours, assuming, at worst, 
no further excretion of Y® (i.e., the remaining Y®° decaying by its physical half- 
life of 64.4 hr). Thus, more than 99 per cent of the dose of Y® in equilibrium 
with extracellular fluids, is administered during the first 24 hours after recycling. 
Since the clearance of Y®° from the body during the first 24 hours is essentially a 
simple exponential function, we can estimate the number of beta particles re- 
leased in the body from Y® in equilibrium with plasma after the recycling pro- 
cedure is complete by multiplying the mean excretory time (7) by the blood 
activity levels at the end of the recycling phase (corresponding to the beginning 
of the excretory phase): 


t co 
| a(Y*)dt = [7] [a(¥)o] 


t = end of recycling 
where: 


7 = mean excretory time (in min), 
a(Y®°)o = plasma activity at the end of recycling (in dpm). 


Since the disintegrations/min per ml of plasma at the beginning of the excretory 
phase is approximately equal to the average disintegrations/min per ml of plasma 
during the recycling phase, the equation for the total number of particles emitted 
per ml of plasma becomes 


t= © t = end of recycling t= © 
| a(Y")dt = ‘ a(Y*")dt + | a(Y"")dt 


t=0 t=0 t = end of recycling 


[a(¥"")] [Tree] + [a(¥™)] [7] 


where 


a(Y°) = average plasma activity during recycling (in dpm), [equal to a(Y®), ] 
Tc = time of urine recycling. 


This is equal to the shaded rectangular area shown in Figure 5. The total amount 
of energy released in a ml of plasma, then, is 


E, = [a(Y™)] [Tre + 7] [E y90l . 


This expression may be used to calculate the total energy released per ml 
of plasma (and assuming equilibrium state, the amount of energy absorbed in 
a ml of plasma), when the recycling procedure described in the preceding section 
is used. 

If there were a constant ratio of activity in a given tissue to the activity in 
plasma, we could then determine the amount of energy released per gram of 
tissue by formulating a simple ratio 


E,= (R:) (E>) , 
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where 


E, = energy released in a gram of a given tissue, 
(R,) = ratio of activity in a gram of tissue to activity in 1 ml of plasma, 
E,, = energy released in 1 ml of plasma. 


Thus, if the ratio of the activity in 1 gram of tissue to the activity in 1 ml of 
plasma, the average level of plasma activity, the time of recycling and the mean 
clearance time were known in a given experiment, we could estimate dose to the 
individual tissues of the body. In addition, if there were a constant relationship 
between the average plasma levels of activity achieved and the total amount of 
injected material, we could further estimate dose on the basis of the amount of 
activity injected, without having determined specific plasma levels in a given 
experiment. 

Close control of the dose administered can, therefore, be obtained by initially 
performing the irradiation procedure using tracer levels of Y°°-DTPA on each 
animal (or man) and determining the level obtained in the blood when a given 
dose is administered and the mean excretory time (7) for the individual animal 
or man. The dose could then be controlled by modifying the recycling time or 
the total amount of activity injected. 

In order to simplify dosimetry in dogs, we have developed a standardized 
radiation procedure. Urine recycling is maintained for 6 hours. Since the rate 
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Fig. 5 Graph showing plasma Y” activity levels during and subsequent to intravenous urine 
recycling procedure. 
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of urinary excretion of Y°°-DTPA after recycling was fairly constant in a series of 
dogs studied, the value for the mean excretion time (+) was taken as 124 min 
(r=1= _ 1. _) in the dosimetry calculations for all dogs. The total number 
A 0.00808 

of beta particles released in a cubic centimeter of plasma then becomes equal to 
the product of the mean activity during recycling (in disintegrations per min) 
and the mean effective radiation time (i. e., T,,. + 7 = 484 min). The dose rate 
in any experiment then is approximately the total dose delivered divided by 484 
min. Variations on dosage to tissues then can be effected in this system by modi- 
fying the dose of Y°°-DTPA administered. 

In order to evaluate R, (ratio of activity in a gram of tissue to activity in 1 
ml of plasma) for the above outlined calculation, various tissues in 10 dogs were 
assayed for Y°° activity after 3 to 4 hours of urine recycling of Y°°-DTPA. Table I 
lists the average ratio of activity per gram of tissue to activity per ml of plasma 


TABLE | 


Ratio or Y%-DTPA Activity IN TISSUE TO PLASMA (CPM/GM:CPM/ML) 
DuRING URINARY RECYCLING AND DOSIMETRY ESTIMATES 





Mean ratio Estimated 
of activily Estimated radiation dose 
in tissue radiation dose to tissue per 
Number of to plasma lo tissue per 100 rads to 
experiments (cpm/gm:cpm/ml Mc/ml of plasma lymph node 
Tissue performed + 1 S.D.) (rads + 1 S.D.) (rads + 1 S.D.) 


So 1.05 100 + 14 
99 66 

OZ 1.50 53 + 20 
st 0. sot 12 
17 29 

26 109 + 26 
23 
27 
23 
6 
17 
42 
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Salivary glands 
Pancreas 
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Bile 

Feces 

Renal cortex 
Renal medulla 
Bladder wall 
Urine 

Lung 

Heart 

Adrenal 

Thyroid 

Spinal cord 

Spinal fluid 

Bone 

Tracheal cartilage 


.489 + 0.068 


.097 
.061 


And 
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0.112 
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0.114 
0.028 
0.084 
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0.250 
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_. ®Assayed after blood drained from pulp; thus dosimetry represents a lower limit because of the loss of Y9-DTPA- 
rich plasma prior to radioassay. 
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in the number of experiments noted. Dogs done in a different series and sacrificed 
after 6 to 8 hours of urine recycling gave results substantially the same as those 
given above, indicating that the distribution pattern seen in these dogs is a stable 
one and remains essentially unchanged during the recycling phase. 

The second column in Table I represents an estimation of the radiation 
dosage delivered to the various tissues for each pc of Y®°-DTPA found in a ml of 
plasma during the recycling procedure. The calculation assumes that an equilib- 
rium state exists in each tissue, an assumption that is only approximate in tissues 
having small dimensions. It is obtained as follows: for each uc/ml in plasma 15.5 
rads is delivered per ml of plasma during the entire irradiation procedure (2.22 
x 10.6 dpm/pc x 484 min (effective radiation time) x 0.90 MeV/disintegration 
x 16 x 10-* erg/MeV x 10~-? rad/erg.) The estimates of rads delivered per 
gram of tissue, then, is this plasma dose times the experimentally determined ratio 
of activity per gram of tissue to activity per ml of plasma. 

The dosage to various tissues in a given experiment can be estimated simply 
by multiplying the values obtained from the next to last column of Table I by 
the average blood levels expressed as »c/ml obtained during the 6-hour recycling 
period. However, the performance of multiple blood sampling in the large num- 
ber of experiments needed to analyze the parameters of this procedure represent 
a formidable task. It was convenient to estimate dosimetry to various tissues solely 
on the basis of dosage of Y®°-DTPA administered. An analysis of the average 
plasma concentration of isotope obtained during a 6-hour recycling period in 
eleven dogs receiving various dosages per unit of body weight was performed. An 
average plasma level of 5.54 uc per ml of plasma was the average plasma concen- 
tration achieved for each mc of Y®°-DTPA administered per pound of body 
weight. The standard deviation of this mean was S = + 1.8 ue. Radiation dosage 
to various tissues may be estimated by assuming that 5.54 yc per ml of plasma 
will be the average plasma concentration achieved for each mc of Y°°-DTPA ad- 
ministered per pound of body weight, and using this figure in the previously de- 
scribed equations to get the dosage to the tissue in question. Such calculations 
involve two main errors. The first is the variability of the plasma levels achieved 
when a given dose of activity is given to the animal. The second is the variability 
of the ratio of the total activity in a gram of tissue to the total activity in a ml of 
plasma. Obviously, the first-mentioned variable is eliminated when multiple blood 
sampling is performed during the procedure as is done in human subjects. 

The first group of tissues listed in Table I are those associated with lym- 
phopoiesis and hematopoiesis. The assayed lymph nodes were obtained from 
such diverse sites as mesentery, mediastinum, and neck. They showed high levels 
of activity in all experiments, and the estimated radiation dose delivered to them 
ranked high among dosages to all body tissues. Despite the diverse sources of 
these lymph nodes they showed remarkably little variation in concentration of 
°°-DTPA. The amount of splenic radiation is difficult to estimate because of the 
variable amount of blood in this organ when the dog is alive. The dosage esti- 
mate for the spleen is a minimal one beeause the tissue was assayed after blood 
drainage. The estimation of dose to bone marrow by an internal beta emitter 
poses many problems. In the other soft tissues of the body, cells at the surface 
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of the organ are being bombarded by beta particles arising from the body of 
the organ as well as from the adjacent soft tissues and connective tissues. In 
the bone marrow, however, the cells on the outer boundary of the marrow adja- 
cent to the bone receive a flux of beta particles from only one side, i. e., from 
the marrow cavity. The bone itself contains little Y°’-DTPA, and it effectively 
shields out the beta particles arising in soft tissue on the outside of the bone. 
We may roughly estimate the dosage to marrow cells lying on a bony surface 
in the marrow cavity as approximately % the equilibrium value in the center of 
the cavity, i. e., & of 4.34 rads/uc per ml of plasma, or 2.17 rads/uc per ml of 
plasma. In contrast to other tissues, these “surface cells” comprise a large fraction 
of the total hematopietic cells because of the fine network of bone trabeculae in 
the marrow cavity. 

Certain stool samples were found to contain higher concentration of Y°- 
DTPA than the plasma. These findings indicated that the GI mucosa may actively 
secrete a small amount of Y®-DTPA beyond that appearing in the stools by 
passive diffusion during the DTPA chelates’ equilibration in the extra-cellular 
body fluids. However, this result may simply reflect selective water resorption 
by the colon with subsequent concentration of the unresorbed Y°°-DTPA. 

The renal cortex contained higher concentrations of the Y®°-DTPA than did 
the renal medulla, suggesting that the material may be actively secreted by the 
proximal or distal tubules. The concentration of isotope in the urine was quite 
variable because of the varying diuresis obtained in each dog and the subsequent 
variation in renal concentration. 

The lung received a significantly high radiation dosage. The desirability or 
undersirability of this effect is difficult to assess with respect to tissue homotrans- 
plantation. The lungs are a reticuloendothelial bed of a sort and are known to 
phagocytize inhaled particulate matter and to trap infused leukocytes that had 
been manipulated in vitro (3). Their role in the complex process of antibody 
formation is difficult to evaluate in humans but there are a source of anti- 
bodies in the rabbit (4). Irradiation of lung tissue may be desirable in prepara- 
tion for bone marrow homotransplantation. 

Even with the sustained blood levels of the Y®’-DTPA complex obtained in 
these experiments, the chelated yttrium is not found in appreciable amounts in 
the cerebrospinal fluid or the substance of the spinal cord. We may conclude 
that the blood-brain barrier represents an efficient though probably incomplete 
deterrent to the passage of Y®’-DTPA. 

Bone is found to contain small quantities of the Y°-DTPA after 3 to 4 hours 
of sustained levels in the blood. Tracheal cartilage contains a significant level 
of activity under these conditions. These findings probably reflect the differences 
in the rate of equilibration of extracellular materials in the extracellular water 
of cartilage and bone (5). 

It is important to recognize that the above developed dosimetry calculations 
consider only the effect of the Y® in equilibrium with plasma. There is evidence 
that a variable amount of Y°’ may become attached to certain cells of the body 
delivering a radiation dose to these cells in excess of that calculated on the basis 
of the above developed equations. The contribution of the Y°® not in equilibrium 
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with plasma was not evaluated in these experiments but may account for a con- 
siderable radiation dose. 

In general, we may conclude that the distribution of the Y°°-DTPA is com- 
plex. Although it may be thought of as having an extracellular fluid distribution, 
its concentration in many tissues cannot be explained simply on the basis of their 
extracellular fluid content. 

It is difficult to evaluate the effects of this procedure on various tissues from 
these dosimetry calculations alone. The observed biological effects on the various 
tissues of the body when this irradiation procedure is used are summarized in 
another publication (6). 


CONCLUSIONS 


A procedure has been described by which a radioactive isotope may be 
maintained at a constant level within the body for a specified period followed by 
rapid removal of the isotope from the body under controlled conditions. The 
particular isotope used in these experiments was yttrium-90 chelated with DTPA. 
The procedure lends itself to use with any radioactive isotope which is either 
quantitatively excreted by the kidneys or which can be attached firmly to a suit- 
able chelating agent that is rapidly cleared from the body by the kidneys. The 
methods and equipment necessary for continuous processing and intravenous re- 
cycling of urine containing high concentrations of a radioisotope are described. 
A method for estimating dosimetry is presented for injected Y®°-DTPA which is 
in equilibrium with plasma. However, this method has general applicabilities for 
any 8 or @ emitting isotope used in the manner described. 


BIBLIOGRAPHY 


. Haire, G., LoucHmMan, W. D.: Health Physics Aspects of Irradiation of Large Animals and 
Human Beings with Curie Quantities of Internally Administered Isotopes. Univ. of Calif. 
Lawrence Radiation Laboratory Report U.C.R.L. 10215, Berkeley, California, 1963. 

2. WINCHELL, H. S.: Selective Irradiation of the Lymphatic System Using Internally Admin- 
istered Y*®-DTPA: Kinetics, Dosimetry, and Biological Evaluation. Lawrence Radiation 
Laboratory Report, U.C.R.L. 9755, 1961. 

. Bierman, H. R.: The Hematologic Role of the Lung in Man. Am. J. Surg. 89:130, 1955. 

. Asxonas, B. A., Humpurey, J. H.: Formation of Antibody by Isolated Perfused Lungs of 
Immunized Rabbits: The Use of [“C] Amino Acids to Study the Dynamics of Antibody 
Secretion. Biochem J. Lond. 70:212, 1958. 

5. Epexman, I. S.: The Anatomy of Body Fluids. Am. J. of Med. 27: Aug., 1959. 

. WINCHELL, H. S., PoLtycove, M., ANDERSEN, A. C., LAWRENCE, J. H. Relatively Selective 
Irradiation of Lymphatic Tissue Using Y® DTPA. (In preparation. ) 





JOURNAL OF NUCLEAR MEDICINE 5:27-39, 1964 


A “Large Crystal” Scintillation Scanner’” 
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INTRODUCTION 


For a number of years isotope scanning techniques have been increasingly 
used by physicians as a diagnostic procedure. Parallel to this development of 
techniques has been the development of increasingly sensitive detectors and 
increasingly accurate scanning machines. Scans of the thyroid may be performed 
fairly readily with scanners using small crystals but more sophisticated scanners 
are required when isotope investigations are extended to include more deeply 
situated and, or, larger organs. This paper describes one such scanner which 
embodies many improvements designed to give it sensitivity, fine spacial resolu- 
tion and versatility, so that it is capable of producing scans of deep seated organs 
such as the liver, pancreas or kidneys. 

A large crystal with adequate shielding was dictated by the desire to increase 
the detector sensitivity and by the fact that such a crystal also allows collimators 
to be used which have their volume of maximum response deep in the patient’s 
tissue. With a sufficiently thick collimator such a detector can be used for isotopes 
of higher energy such as Ca** and Fe*®. 

The detector and its shielding weigh about 1750 lbs. which presented a 
problem if such a unit was to be moved with any degree of accuracy and repeat- 
ability. A new scanning mechanism was designed to cope with this task and the 
capacity for performing profile scans with the same equipment has also been 
provided. 

There has always tended to be an inherent loss of information in most data- 
handling and picture-forming techniques, so a magnetic tape is used to store all 
the scan information (e.g. rectilinear co-ordinates and counts) which will then be 
available if further picture reproduction is deemed necessary. The only loss of 
information is therefore in the final picture-forming process. Patients need only 
to be re-scanned if the uptake of material is poor so that no scan picture results 
and not, for example, because of some error in background suppression or con- 
trast enhancement of the scan picture. 
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Finally, the photo-scan may be displayed at life size on a television screen 
and by adjusting the levels of the brilliance and contrast controls it is possible to 
emphasize small differences in count rate. This technique enables one to deter- 
mine the overall size of the organ when the brilliance is set high and then to 


determine the areas of abnormal uptake or non-functioning tissue as the brilliance 
is decreased. 


THE SCANNING MECHANISM 


Figures 1 and 2 show the scanner and indicate in a simple manner how it 
operates. The detector head is mounted in a yoke and suspended by means of 
telescoping tubes from a track mounted on the support beams of the building. 
The head is counterbalanced with lead weights behind a dummy wall so that an 
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Fig. 1. Sketch of scanner to show mode of operation. The detector moves backwards and 
forwards across the patient under the control of motor M,, whilst the patient 


moves in steps at the end of each line of the scan under the control of motor M, 
and the stepping gear box. 
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electric motor (M,) can easily raise or lower it. The transverse motion of the 
head is produced by a D.C.-controlled variable speed motor (M,.) driving the 
carriage by means of a chain drive. The motion of the detector is repeated at 
the foot of the patient’s couch by means of a selsyn synchro-link (S,, and S,) 
driving a cam mounted on slide rods. This cam follows the movement of the 
detector head and actuates limit switches (M/S,,) to initiate the stop and reversal 
of its movements. The speed of the transverse motion is continuously variable 
from 0 to 6.25 cm per sec. The limit switches (M/S,,) may be set to give any 
desired width of scan up to 24 inches. 

The patient lies on a couch set up at right angles to the line of motion of 
the detector. This couch is mounted on a firm track and can be operated in one 
of three ways: manually controlled for setting up the patient, automatically in 
steps of % cm, 1 cm or 2 cm (depending on the gear selected) at the end of 
each transverse scan by the detector or continuously at a variable speed (0 to 
2.25 cm/sec). The motor driving the couch (M,,) also has a D.C. variable speed 
control. 

By separating the two movements required for a rectilinear scan and by de- 
signing each very carefully it has been possible to develop a scanner which 


Fig. 2. The large crystal scanner together with its auxiliary electronic equipment. The right 
hand rack contains (from top to bottom) the data-processing unit, the oscilloscope 
and camera, the tape recording and playback amplifiers and the tape deck. The 
paper chart recorder is on the far right. 
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demonstrates not only a high degree of mechanical accuracy and repeatability, 
but also useful versatility. 

The transverse position of the head and longitudinal position of the patient 
are monitored for magnetic tape recording purposes by means of two 40-turn 
Helipots attached to the respective gear boxes. D.C. voltages are recorded on 
magnetic tape by a pulse-frequency modulation technique, so that on playback 
these voltages, when applied to the horizontal and vertical amplifiers of an oscillo- 
scope, give a spot position which corresponds to the detector-couch position. 


DETECTION SYSTEM 


The scintillation detector is a Harshaw integral unit consisting of a 54” x 4” 
thick thallium-activated sodium iodide crystal and a DuMont 6393 photomulti- 
plier tube. Since the detecting crystal is large and highly sensitive it has been 
mounted within a large lead shield which guarantees at least six inches of lead 
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Fig. 3. A block diagram of the data-handling system. The pulses are recorded directly whilst 
the D.C. voltages from the position monitors are recorded by a pulse frequency 
modulation technique. 
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around the crystal itself and three inches around the photomultiplier tube. Such 
a high degree of shielding reduces the count rate from natural background radi- 
ation to less than 20 c.p.m. when the channel width is set to accept the 364 
Ke V peak of I'*!, so that most of the radiation detected by the crystal must 
reach it via the collimator opening. Various collimators may be inserted into the 
front face of this shield depending upon the response desired. 

If full use is to be made of the increased sensitivity of the crystal by virtue 
of its size it is necessary to take considerable care in designing the collimators for 
use with this scanner. With this in view a series of experiments was performed 


L 
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Vig. 4, A dot-scan of a patient’s thyroid. The lack of “dots” outside the immediate area of 
the thyroid is indicative of the low background level of this detector. 





32 CRADDUCK, FEDORUK AND MACKAY 


to compare the responses of various types of collimator with the theoretical re- 
sponses previously calculated by Brownell (1). These experiments and the results 
have been reported elsewhere (2) so it will suffice to say that the 50 per cent iso- 
response curves for a 19-hole collimator have a diameter of about 18 mm at the 
level of maximum response and that a 37-hole collimator has a 50 per cent iso- 
response curve resolution of about 13 mm at the same level. In tissue the level 
of maximum response is about 10 cm ahead of the front face of the collimator. 
With such resolutions one should (theoretically ) be able to discern irregularities 
of about 15 mm diameter within a volume of otherwise homogeneous distribution. 


DATA PRESENTATION 


A solenoid-actuated stamper is attached to the cam at the foot of the patient 
couch which repeats the detector motion (Fig. 1). This stamper may be set to 
operate once for every 2, 4, 8, 16, 32, 64 or 128 counts from the detector and 

































































































































































Fig. 5. Photoscan of a normal liver. The 4th intercostal space is indicated by the 
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Fig. 6. Photoscans of a liver with multiple metastases. The upper picture is produced with a 
low level of contrast on the T. V. set to give the overall size of the organ. When 


the contrast is increased the lower picture results and this shows the lesions to a 
more marked degree. 
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by so doing is capable of producing a dot scan record (Fig. 4). The stamper 
actuating circuit and stamper are capable of stamping 60 counts per second so 
that large changes in count rate may be accommodated by this unit. This read- 
out system gives a very useful one-to-one ratio with the structure being scanned 
and in particular enables the size of the thyroid gland to be determined for 
treatment purposes. The stamper consists of a modified solenoid as suggested by 
C.-C. Harris of Oak Ridge in a private communication and the actuating circuit 
is a transistorized version of his own tube circuit. 

In addition to this there is a data-handling and picture-reproduction system 
for the production of photoscans. The principles of the photoscan system are 
shown in block diagram form in Figure 3. The x- and y- position monitors consist 
of two 10,000-ohm 40-turn Helipot potentiometers which are driven by the 
transverse and longitudinal drive mechanisms. The D.C. voltages, varying be- 
tween 10V negative and 10V positive, which are derived from these potenti- 
ometers correspond to the detector-patient position and are recorded on two 
separate tracks of magnetic tape at a speed of 3% inches per sec. by a pulse fre- 
quency modulation system. The pulses from the detector are recorded by a direct 
recording process after pulse height analysis and suitable amplification and 
lengthening. 

Either during initial recording or on playback at 3%, 30 or 60 inches per 
sec. the two position signals are demodulated to produce D.C. voltages and 
these are used to vary the position of the beam of an oscilloscope by application 
to the X- and Y-deflection amplifiers. The scintillation pulses are passed through 


Fig. 7. Photoscan of a liver with metastases from carcinoma of the lung. 
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Fig. 8. Photoscan of normal kidneys. 


suitable enhancing and background cut-off circuits before being used to modulate 
the intensity of the oscilloscope beam. By this means a scan picture is produced 
on the oscilloscope screen when the contrast etc. is adjusted to the desired level. 


Fig. 9. Photoscan of polycystic kidneys. 
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The contrast enhancement and cut-off circuit is a transistorized unit built to 
the design of Mr. R. Cobbold of the Electrical Engineering Department, Univer- 
sity of Saskatchewan. The circuit consists of two stores into which the pulses are 
fed sequentially under the control of a clock pulse. These stores give a D.C. 
output proportional to the counts received in the pre-set sampling time. This 
D.C. voltage is applied to a modulator so that an amplitude-modulated signal 
proportional to the count rate is applied to the grid of the cathode-ray tube 
of the oscilloscope. Controls in the amplifier-modulator stage allow contrast 
enhancement and background cut-off to be accomplished. 

The reproduced scan formed on the cathode-ray screen is photographed 
with a press camera using a Polaroid film-back and by this means the scan pic- 
ture is available about two minutes after the scan has been completed. Also, 
since the scan information is stored on magnetic tape it is possible to replay the 
information and produce further scan pictures with varying degrees of back- 
ground cut-off and contrast enhancement. 

The polaroid transparency may be displayed on a T. V. set by inserting it 


Fig. 10. Photoscan of a horseshoe kidney. 
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Fig. 11. Photoscan of kidneys showing an area of no uptake in the lower pole of the left 
kidney. This later proved to be a cyst measuring 24% cm. in diameter. 


into a flying spot scanner or “T. V. Analyst” which is connected to the video 
stage of the T. V. set. This display of the scan brings it back to life size so that 
measurements may be made using the oscilloscope graticule scale which repre- 
sents a3 cm X 3 cm grid on the patient. The television display also allows the 
brightness and contrast to be adjusted so that areas of slightly different density 
which were not readily visible now become emphasized and an assessment of the 
scan may be facilitated. 

A paper chart recorder is also used to record area scans as well as longitudi- 
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Fig. 12. Longitudinal or profile scan of a patient with multiple thyroid metastases in the 
chest. 
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nal scans. This record gives one a sectional view of the count rate variation in 
each line of the scan and in some cases has proved most useful in indicating areas 
of minor variation or, as in two kidney scans, areas of functioning tissue where 
none were detectable on the initial scan but were made visible on replay 
of the tape. In the case of longitudinal scans with the wide slit collimator the 
paper chart recorder gives the variation in count rate down the length of the body 
as the patient moves in one smooth continuous movement below the detector. 


CLINICAL EVALUATION 


The Total Body Scanner was installed in October, 1962, and in the first 
seven months of operation some 250 scans have been performed. Attention has 
been forcused on liver, kidney, thyroid, longitudinal and pancreas scans. 


Fig. 13. Photoscan of the chest area of the patient whose profile scan appears in Fig. 12. 
This scan shows extensive involvement of the lungs (2 and 3) and liver (4) with 
another small area just visible at the sternal notch. (1). 
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It is worthwhile at this time to present some examples of scans which have 
been produced together with the clinical observations. Figure 4 is a dot-scan 
of a thyroid and indicates the low background level of the detector. Patients for 
liver scans have 3yc/kilo body weight of I'*! labelled Rose Bengal injected in- 
travenously 20 minutes prior to the scan. Figure 5 is a photo-scan of a normal 
liver in which the 4th intercostal space is indicated by the arrow. Figure 6 shows 
two photo-scans of the same patient who had a polycystic liver, the difference 
between the two pictures being obtained by variation of the controls of the T. V. 
set. Figure 7 is a photoscan of a liver which has many metastatic deposits from 
a cancer of the lung. For kidney scans the patients receive 150uc of Hg? 
labelled Neohydrin 1 hour prior to the scan. Figure 8, 9 and 10 are kidney scans 
showing respectively, normal kidneys, polycystic kidneys, and a horseshoe kidney 
and Figure 11 indicates the localization of a cyst which was found, on surgery, 
to be 2% cm in diameter in the lower pole of the left kidney. 

A longitudinal or profile scan of a patient with multiple metastases from 
cancer of the thyroid is shown in Figure 12. The scan was made 48 hours after 
administration of a tracer dose of 500 microcuries of I'*!. The increase in activity 
in the region of the lungs and liver indicated that a more careful examination 
of this region should be done and the subsequent photoscan is shown in Figure 
13. Figure 13 is the photoscan of the area between the two arrows shown in 
Figure 12. This scan shows extensive involvement in the patient’s lungs (2 and 3 
in the scan) and liver (4), particularly in the right lung. Uptake of the iodine in 
a small retrosternal mass (1) is also indicated in the scan. 


SUMMARY 


A description is given of a radio-isotope scanner which employs a 5%” dia. 
x 4” deep Nal crystal as the primary detector in conjunction with various types 
of collimators. The scan is displayed on the face of a cathode ray oscilloscope 
and recorded on a Polaroid transparency. A magnetic tape recording is made to 
ensure that no scan information is inadvertently lost, but is stored for later 
reference. The transparency of the scan may be displayed at life size with varying 
levels of intensity on a television screen, so that minor variations of count rate 
may be emphasized to enhance areas of low uptake. 
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. BROWNELL, G. L.: Theory of Radioisotope Scanning. Int. Jr. App. Rad. and Isotopes 3, 181, 
1958. 


2. Crappuck, T. D., and Feporuk, S. O.: A Study of Collimators for Use in Radio-isotope 
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An Exploratory Study of Fe”-Labeled Ferrocene 
As a Carrier in Tracer Techniques’ 


Arthur F. Dratz, Ph.D., James C. Coberly, M. D., and 
Jacob H. Goldstein, Ph.D. 


Atlanta, Georgia 


INTRODUCTION 


The number of isotopic compounds generally useful in the field of nuclear 
medicine is severely limited, particularly those of the organic type. The discovery 
of ferrocene in 1951 opened up a whole new field of organometallic chemistry 
(1-5). A large number of compounds involving many different metals has been 
described. Some classes of these compounds may have potential applications in 
nuclear medicine. Those of the ferrocene configuration, in particular, present a 
number of remarkable chemical properties as well as great structural diversity. 
Accordingly, we have undertaken an investigation of the prototype compound of 
this class, ferrocene, di-z-cyclopentadienyl iron. Ferrocene was chosen because 
of its ready availability, its known chemical stability, its low toxicity, and the 
simplicity of preparing the radioactively labeled compound by neutron activa- 
tion (6). By a study of the biological distribution of Fe®*-labeled ferrocene in 
rats, we have established that compounds of this type have potential applications 
in the field of nuclear medicine. 

Ferrocene | (-C;H,). Fe] is a crystalline orange solid and has the proper- 
ties of a typical covalent compound. It is soluble in non-polar organic solvents, 
may be steam distilled, and can be readily sublimed. Ferrocene is extremely 
stable and very resistant to chemical attack. In acid media it can be oxidized to 
a blue, water-soluble ferricinium ion ({7-C;H,).Fe|+. This ion can be reduced by 
various agents, even by alkali alone. Ferrocene has an aromatic character similar 
to that of benzene, and will undergo typical substitution reactions yielding vari- 
ous derivatives (1-5). In general, these derivatives undergo most of the reac- 
tions of their benzene analogs. 


1From the Radioisotope Service, Veterans Administration Hospital, Atlanta, Georgia, and 
the Departments of Biochemistry, Medicine and Chemistry, Emory University, Atlanta, Georgia. 
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METHOD 


A two gram sample of ferrocene was irradiated for two weeks in the Oak 
Ridge reactor at a flux of 9 x 10"! n/cm?/sec. Using the solvent extraction, 
chromatographic and oxidative techniques described by Sutin and Dodson (6) 
or the purification of irradiated samples, we obtained a dark blue ferricinium 
ilicotungstate precipitate. Reduction to ferrocene was accomplished by sus- 
vending this precipitate in 25 milliliters of water, slowly adding 10 grams of 
.odium bicarbonate, and then steam distilling at a relatively slow rate. Ferrocene 
vas recovered from the distillate by hexane extraction. The hexane solution was 
lried with alumina and evaporated in vacuo. The yields of ferrocene were 60 to 
‘5 per cent. The specific activity was approximately 14 microcuries per gram 
two weeks after removal from the reactor. 

The labeled ferrocene, dissolved in warm soya bean oil, was administered 
by stomach tube to thirteen 240-400 gram pentobarbital-anesthetized rats. Twelve 
of the rats received 1 ml. aliquots of oil solution containing 48 to 55 milligrams 
of ferrocene. Rat Two received 68 mgm in 2 ml of oil. Due to decay, the iron-59 
content of these aliquots varied from 0.3 to 0.9 wc. The animals were kept in 
glass metabolism cases from one to twelve days, and the feces and urine were 
collected. Prior to sacrifice, the rats were anesthetized and scanned with a linear 
scanner, functionally similar to that described by Kyker et al (7), in order to 
locate all major sites of activity. A blood sample was taken from the vena cava, 
and complete organs and other tissue samples were excised. These were weighed 
and digested with hot concentrated nitric acid. Intestinal contents and cage 
feces were similarly treated. Some of the digests contained considerable amounts 
of fat which was extracted with a one to one hexane-acetone mixture. After 
diluting the digests and hexane-acetone extracts to known volumes, 5 ml aliquots 
were prepared and counted. The summation of the total digest counts and the 
extract counts represented the total counts present in the sample. 

The counting system included a 3 x 3 inch sodium iodide well crystal 
heavily shielded in all directions, and a pulse height analyzer whose 30 per cent 
window was centered across the two Fe*® peaks. With 5 ml samples the sensitiv- 
ity of this system was 3 x 10° cts/min per pe of Fe®*®, and the background aver- 
aged 18 counts per minute. Most of the samples were counted for a maximum 
of fifteen minutes, and although this counting time was too short for the precise 
Fe*® assay of some samples, it was sufficient to establish the relative orders of 
magnitude. 


RESULTS 


The total amounts of Fe*® in rat tissues and excreta following the gastric 
administration of ferrocene are tabulated in Table I. Over half of the admin- 
istered Fe®® was recovered in urine; most of this excretion occurred within six 
days. This activity was not present as ferrocene since it was water-soluble, and 
was not extractable with non-polar solvents from acid or alkaline urine. About 
one-third of the activity was readily extractable with diethyl ether. 

In the twelve day animals, 7 to 13 per cent of the Fe*® was recovered in 
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.ces. Most of the activity was excreted in the first six days. Small but significant 
mounts (1-3%) were excreted in the final six days and activity was also present 
: the intestinal contents at autopsy. 

The relative concentrations of Fe*® in various tissues are shown in Table II. 
aitially, the highest values were observed in adipose tissue; these rapidly de- 
reased to levels of less than one per cent of those originally seen. Some varia- 
ions in the data can be attributed to differences in fat content, particularly in 
ats Seven and Ten which were obese. The total amount of Fe*® in adipose tissue 
; estimated in Table I. The presence of ferrocene in fat was qualitatively demon- 
trated in Rats Five, Eight, and Nine; the samples turned blue when nitric acid 
vas added. 

Throughout the experimental period the concentrations of Fe*® in the intes- 
‘inal mesenteric fraction were similar to those of adipose tissue. In gastrointesti- 
nal tissue, the concentration and total content of Fe*®® also decreased with time, 
but at a much lower level and slower rate. Probably not more than one-tenth of 
this gastrointestinal tract activity can be attributed to contamination by residual 

amounts of feces. 

In liver, the Fe®® concentration increased with time to levels higher than the 
initial values of fat. After the first day, the total amount of Fe*® in liver was 
relatively constant (Table I), averaging 21 + 0.7 per cent of the administered 
dose. The concentrations of Fe®® in liver (Table II) are much more variable due 
to differences in liver weights. Both the total content and concentration of Fe*® 
in liver are considerably greater than those of other tissues throughout most of 
the experimental period. 

The observed concentrations in leg muscle decreased in the experimental 
period. Assuming that: muscle in the rats amounts to 40 per cent of body weight, 
these concentrations would represent about 9 per cent of the administered 
activity at one day and about 1 per cent at twelve days. 

Both kidney and lung contained appreciable concentrations of Fe*®; how- 
ever, the total content was quite low (Table I). Although kidney values tended 
to decrease and those of lung to increase with time, these differences are not 
statistically significant. 

In spite of variations due to relatively large counting errors, the data indi- 
cate that the concentrations of Fe®® in plasma were consistently low (Table II). 
The whole blood concentrations of Fe*®, however, increased consistently through- 
out the experiment. Thus, the increased whole blood uptake must have occurred 
in the red cell fraction. This was confirmed by the radioassay of washed red 
cells taken from the twelve day rats; the cells contained 98 per cent (range 
96-101) of the corresponding whole blood activity. Assuming the blood volume 
to be 6 per cent body weight, the total Fe*® content of blood was estimated 
(Table I). 

The maximum observed plasma value represented one-fourth of the corre- 
sponding whole blood activity. Since relatively large amounts of Fe*® must be 
transported to and from the various tissues by blood, the plasma concentrations 
may appear to be surprisingly low. However, if this transport is a function of 
some small fraction of plasma, then the Fe*® concentration in this fraction could 
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e very high. For example, if the concentration units in Table II were expressed 
s activity per gram of lipid instead of activity per gram of tissue, the plasma 
alues would be greater than those of adipose tissue. 

The distribution of Fe*® was determined in five additional tissues. In the long 
ones, the concentration of Fe*® decreased with time from a maximum of 9 to a 
iinimum of 3 cts per min/gram wet weight/10* cts per min administered. The 
‘tal Fe®® content of these bones was quite small, varying from 0.04 to 0.16 per 
ent of the administered activity. The average concentrations observed in spleen, 
irdiac muscle, brain and testes were, respectively, 6, 3, 2 and 2 relative units; 
1e individual values did not vary significantly with time. The total Fe*” content 
f these tissues ranged from 0.01 to 0.10 per cent of the administered dose. A 
ummation of the contents of the five tissues is shown in Table I. 

The totals of the known or estimated amounts of Fe*® in tissues and excreta 
ire compiled in Table I. These totals account for 84 to 95 per cent of the admin- 

istered Fe®*, This range would not be changed significantly by the use of other 
reasonable estimates of blood and muscle pool size. Different estimates for the 
size of the adipose tissue pool, however, would significantly change the totals for 
the early time periods. For example, if the adipose tissue pool were 6 per cent of 
body weight, the total Fe*® values for the first two days would range from 71 to 
84 per cent; for a fat content of 12 per cent body weight, these one and two 
day totals would vary from 99 to 104 per cent of the administered activity. By 
estimating the fat pool at 9 per cent body weight, reasonably constant total Fe*” 
values were obtained throughout the time course of the experiment (Table I). 


This 9 per cent pool does not include fat in the other tissues selected for assay. 
The intestinal mesentery fraction, for example, included the mesenteric fat which, 
in many rats amounts to at least 1 per cent body weight. 


DISCUSSION 


Although it would be of general interest to have more knowledge of the state 
of Fe*® following absorption of ferrocene, the relative lack of such information 
does not, of course, affect its utility as a tracer. The stability of ferrocene in 
hydrochloric acid or in alkaline media, its relatively rapid absorption from the 
gastrointestinal tract, and the qualitative and quantitative observations in fat 
suggest that ferrocene is absorbed intact, probably as a result of its fat solubility. 
The observed distribution of this Fe*® is qiute different from that observed after 
the administration of inorganic iron-59, even when due allowance is made for 
the fact that the distribution of inorganic iron is known to vary widely in various 
physiological and disease states (8, 9, 10). In these animals, the distribution pat- 
tern of ferrocene Fe*® was remarkably consistent throughout the time course of 
the experiment, indicating that all of the rats were either in comparable, pres- 
sumably normal, physiological states; or, if differences existed, these had little 
or no effect upon the ultimate distribution pattern of the tracer. The urinary 
excretion of large amounts of activity, following the administration of ferrocene 
e®® is totally different from that observed following inorganic Fe*® administra- 
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tion where only traces of activity can be detected in urine. The very low up- 
takes of activity by spleen, bone and red cells indicate that Fe®® was not readily 
available to the hemopoetic organs, although it is apparent that for several days 
following the administration of ferrocene, considerable amounts of activity were 
transported to and from the various tissues. Thus, it appears quite probable that 
during this transport process the bonding between the iron atom and at least 
one of the cyclopentadieny] rings in ferrocene remains intact, and that little, if 
any, inorganic iron is liberated. It is conceivable, however, that the slow but very 
consistent uptake by red cells may represent some liberation of Fe*® from its 
parent molecule. The obvious source of such activity is the liver, which, after the 
first few days, contains the only appreciable amount of Fe*® remaining in the 
animals. It is apparent, however, that if any considerable quantity of Fe*® is 
liberated from the cyclopentadieny] rings, it must be retained by the liver in a 
non-labile form, and, therefore, is not readily available for isotopic exchange with 
hemopoetic iron. 

The urinary excretion of Fe*® in a water-soluble form indicates that ferro- 
cene is transformed to other compounds in the rat. Possible transformations that 
are consistent with this excretion would include oxidation of ferrocene to a ferri- 
cinium ion, or metabolic transformations similar to that of its analog, benzene 
(i.e., oxidation to phenol and subsequent conjugation with sulfuric or glucuronic 
acids ). Some active excretion of ferrocene Fe*® into the gastrointestinal tract ap- 
parently also occurs. It is highly improbable that the radioactivity found in the 
feces as late as the twelfth day could represent ferrocene that had not been 
absorbed. 

The ultimate concentration of 21 per cent of the administered ferrocene 
Fe*® activity in liver with little activity remaining in the other tissues is highly 
suggestive of potential application for compounds of this type in scanning and 
in other areas of medicine. For example, chemically similar, stable dicyclopenta- 
dienyl compounds can be prepared in high specific activity from the iron hom- 
ologs, ruthenium and osmium, incorporating osmium-191, ruthenium-103, or even 
the 70 hour half-life ruthenium-97. Diindenyl cobalt-57 is another possibility. 
These isotopes have gamma ray spectra suitable for scanning. Further studies 
of the distribution of ferrocene Fe*® in liver, fat and urine should be undertaken 
to determine if these vary significantly in various pathological conditions. It is 
quite possible that such studies may lead to diagnostic procedures involving a 
simple radioassay of urinary Fe*® activity. Potential applications of ferrocene 
derivatives, which are analogs of known metabolites, should not be ignored. For 
example, if it could be shown that monocarboxy ferrocene is conjugated and ex- 
creted in a manner similar to its analog, benzoic acid, it might provide the basis 
of a liver function test. The use of an Fe*® label would overcome many objec- 
tionable variables (11) in the classic benzoic acid liver function test. 

Essentially all of the transitional metals form organometallic bonds similar to 
those of ferrocene. Other metals in the periodic table form less stable metal- 
carbon bonds. Since many of these metals have useful isotopes, some of these 
organometallic compounds may serve as potential carriers of tracer activity. 
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The biological response to these compounds is unknown. It is hoped that this 
exploratory attempt to evaluate the potential application of one such compound 
will stimulate the interest of other investigators in the field of nuclear medicine. 


SUMMARY 


The distribution of Fe*® in the rat following gastric administration of labeled 
ferrocene has been studied. Within twelve days, over half of the administered 
activity was recovered in urine, and about 10 per cent in feces. Fat initially con- 
tained the highest concentrations of Fe*®, but these rapidly decreased to levels 
of less than one per cent of those originally seen. Liver activity increased for 
two days to a concentration higher than that observed in fat; thereafter, liver 
contained a relatively constant 21 per cent of the administered activity. The 
Fe®® concentration in whole blood increased throughout the experimental period, 
while that of the plasma rapidly decreased to essentially zero values. However, at 
the end of twelve days the total Fe®® content of whole blood was still less than 3 
per cent of the administered activity. 

These data suggest that labeled compounds of the ferrocene type have po- 
tential applications in the field of nuclear medicine. 
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Lung Scanning With Colloidal RISA'** 


Howard J. Dworkin, M.D., Cliff Hamilton, M.D. 
Charles M. Simeck, B.A., and William H. Beierwaltes, M.D. 


Ann Arbor, Michigan 


Pulmonary artery occlusions were first visualized by scintillation scanning 
techniques using Hg?’ labelled insoluble ceramic microspheres by Haynie, Cal- 
hoon, Nasjleti, Nofal and Beierwaltes (1). The suggestion was made that soluble 
microspheres would be more desirable for this purpose because the small ar- 
terioles filtering out the microspheres would be occluded for only a short period 
of time. We here present the use of colloidal I'*! labelled human serum albumin 
(colloidal RISA) as a source of gamma emitting particles for the visualization 
of the intact pulmonary vascular bed following the suggestion of Taplin (2). 


Colloidal RISA 


Colloidal RISA was prepared by the technique of Taplin (2). Commercially 
available RISA‘ was diluted to a 1 per cent albumin solution, adjusted to a pH 
of 5.7, then heated with agitation for 20 minutes at 75°C. The supernatant was 
removed and one half that volume of saline was added to the flocculate. The 
usual scanning dose was about 75 yc of I'*!, with a maximum of 100 mg of al- 
bumin and a volume of 5-10 ml. Particle size was usually 10-50 microns in di- 
ameter. 


Dogs 


The colloidal RISA was injected into the saphenous veins of mongrel dogs 
weighing approximately 12 kg (25 Ibs) during sodium pentothal anesthesia. 


Scanning 


Using a photo-dot scanner, equipped with a 3 x 2 inch sodium iodide crystal 
and a 19 hole collimator’, scans were carried out with anesthetized dogs in 
the prone position. Scans were begun about 15 minutes after injection of the 
colloidal RISA, starting from below the level of the lowest rib and proceeding 
cephalad to about the level of the base of the skull. Maximum count rates varied 
from 2,000 to 8,000 cpm over the lung areas just prior to starting the scan. 


From the Departments of Internal Medicine (Nuclear Medicine Unit) and Thoracic Sur- 
gery, the University of Michigan. 

“Aided by grants from the Michigan Memorial Phoenix Project #242 and the U.S.P.H.S. 
HE-08069-01. 

’Presented in part at the Central Chapter Meeting of the Society of Nuclear Medicine, 
October 20, 1963, Ann Arbor, Michigan. 

‘Squibb Biological Laboratories, New Brunswick, N.J. 

5Picker Magnascanner, Picker X-Ray Corporation, White Plains, N.Y. 
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Twelve to twenty-four hours post injection, no discernable activity above body 
background was found in the chest area. One dog was sacrificed 15 minutes 
after the injection of colloidal RISA and then scanned. 


Biological Half-Life 


Blood samples were drawn and stools and urines were collected quan- 
titatively in metabolism cages on three dogs for 10-12 days. All urine and stool 
counts were performed on the last day of collection. 


Tissue Counting 


Two animals were sacrificed 10 minutes after injection of colloidal RISA, 
and various tissues were counted for relative radioactivity determinations in a 
scintillation well-type counter. 


Operations 


Pulmonary arterial occlusions were produced at thoracotomy by ligatures 
around various branches of the pulmonary arteries; the lungs were then re-ex- 
panded and an air tight closure effected. Scans were performed at time intervals 
varying from 1/2 hour to five days after operation. Chest x-rays were taken 
before and after surgery and at one or two day intervals thereafter. Ligations of 
the arteries to the following lobes were performed: Right upper, middle and 
lower lobes and left upper and lower lobes. 


Normal dog lung scan. 
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Toxicity Studies 


Doses of up to 2 gms of colloidal human serum albumin were administered 
intravenously to five dogs and the dogs observed for evidence of dyspnea or 
death. 


Pathological Examinations 


All lungs scanned were submitted for gross and microscopical pathological 
examination. 
RESULTS 
Scans 


Several normal dog lung scans were recorded at the outset. An example 
of these is presented in Fig. 1. Scans following ligation of the right upper 
lobe (Fig. 2), right middle lobe (Fig. 3), right lower lobe (Fig. 4), left upper 
lobe (Fig. 5), and left lower lobe (Fig. 6) are presented. All scans demonstrated 
an area of decreased radioactivity concentration distal to the arterial occlusion. 
In every instance it is noted that the cardiac area had significantly less activity 
than nearby normal lung and with the technique used, no significant uptake was 
encountered in the liver and spleen areas. After 12-24 hours, most of the radio- 
activity appears to have cleared from the lung area and has appeared in the 
liver and spleen areas (Fig. 7). The one dog that was sacrificed 15 minutes 
after injection of colloidal RISA and then scanned failed to show significant 
activity outside the chest area. 


Fig. 2. Lung scan. Right upper lobe pulmonary artery ligation. 


Biological Half-Life 
The biological half-life of the I'*! from colloidal RISA is shown in Figure 8. 


The half-life appears to be between 14 and 2 days whether or not the thyroid 
gland is blocked with iodides prior to injection. 
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Fig. 3. Lung scan. Right middle lobe pulmonary artery ligation. Note small “pie” shaped 
cut in lateral border of right lung. 


Tissue Counting 


Tissue sample counts taken 10 minutes after injection of two dogs are re- 
corded in Table I. The lung appears to have a minimum of 5-10 times the activity 
of any other tissue evaluated. Normal lung shows 10 or more times the activity 
of ligated lung. 


Toxicity Studies 


Toxicity studies have been completed on five dogs. Two of five dogs have 
tolerated up to two grams of colloidal human serum albumin without ill effect. 
Preliminary studies suggest that dyspnea and increased pulmonary arterial pres- 
sures occur when particle size approaches 250 p. 


Pathological Examinations 


No diffuse process has yet been noted microscopically that would be com- 
patible with diffuse microembolism caused by the small colloidal albumin par- 
ticles. No gross or microscopic changes secondary to ischemia were noted in a 
lobe for at least 24 hours following arterial occlusion. 


DISCUSSION 


The introduction of an inexpensive preparation which is cleared from the 
lungs rapidly after scanning and is readily excretable with a relatively short 
biologic half-life, makes feasible pulmonary scanning in the human subject. 
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Colloidal RISA has been used by others to estimate liver blood flow and 
reticuloendothelial phagocytic function (3,4) and for liver and spleen scan- 
ning (2). The colloidal aggregate size in these instances was well below 10 
microns (estimated at 10-20 mp). These particles easily pass the pulmonary 
vascular bed on intravenous injection and were found primarily in the liver and 
spleen (5). No toxicity was reported in these studies in man or in any other 





R+. 











Fig. 4. Lung scan. Right lower lobe pulmonary artery ligation. 


species tested using this particle size in doses varying from 1-10 mg albumin per 
kilogram body weight. Taplin (2) reports no anaphylactoid reactions after 
1,000 intravenous injections in man, including 20 individuals who had multiple 
tests over periods varying from 3 weeks to 30 months. 

Although we found no definite diffuse microembolic effect on the lung by 
10-50 » size particles, further evaluation will be necessary to determine the effects 
of these particles on an already partially compromised pulmonary system. Path- 
ologic evidence may not parallel the disturbances in physiologic function. 
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Fig. 7 


Fig. 6. Lung scan. Left lower lobe pulmonary artery ligation. 
Fig. 7. Whole body scan. Twenty-four hours after injection. No ligation of lung arteries. 
Radioactivity has apparently cleared from the lung and is seen in the liver, spleen 
and thyroid gland (not blocked with I). 
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The biologic half-life of 14% to 2 days is in keeping with that found for 
smaller diameter colloidal particles in man (3). The calculated whole-body 
exposure to the dogs in this series based on a 2 day biologic half-life is approxi- 
mately 41 m rad/75 ye (6) which is within permissible limits for diagnostic tests. 
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Fig. 8. Biologic half-life of colloidal RISA in dogs. Dog #108 received Lugol’s solution 
prior to colloidal RISA injection; #100 and #104 did not. 


Further excreta studies are needed to determine a more accurate biological half- 
life, since another much longer half-life may become evident beyond 12 days. 

With lobar artery occlusions, no difficulty was encountered in perceiving the 
“cold” area. As pointed out by Haynie et al (1), a 3 cm diameter lesion may not 
be observed due to the limits of resolution, however, position of such a cold area 
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relative to nearby activity will also prove to be a limiting factor. Thus, certain 


segmental arterial occlusions may offer difficulty in detection by this technique, 
but multipositional views might aid in the detection of smaller lesions. 


TABLE [| 


TissuE Counts 








Tissue Dog #116 cpm/gram Dog #117 cpm/gram 





Normal Lung 


RU Lobe —.* 195,224 
RM Lobe = 437 ,960 
RL Lobe —— 875,400 
LU Lobe 219,733 108 ,050 
LL Lobe 516,914 745 ,625 
Ligated Lung* 
RU Lobe 3,165 = 
RM Lobe 2,970 = 
RL Lobe 8,342 — 
LU Lobe, segment = 10,321* 
Heart 966 1,541 
Spleen 5,006 2,925 
R Kidney 2,293 4,305 
L Kidney 3,562 4,047 
Liver 7,440 4,861 


Blood 4,178 —— 





*The pulmonary artery to the entire right lung of Dog 116 was ligated. Only a small artery to 
a segment of the left upper lobe of Dog 117 was ligated. 


Table I. Activity per gram of tissue ten minutes after injection of colloidal RISA in two dogs. 
The activity in lower lobes is less than that in the upper lobes. Note the markedly diminished 
activity in the ligated portions of the lung. 


SUMMARY AND CONCLUSIONS 


The use of colloidal RISA injected intravenously in a particle size of 10-50 
microns followed by lung photoscanning offers a practical, atraumatic method of 
visualizing pulmonary artery occlusions in the dog. The fact that the particles 
have a relatively short biological half-life appears to decrease the radiation dose 
delivered and the duration of occlusion of pulmonary capillaries as compared 
to ceramic microspheres. Work is in progress to apply this technique to the study 
of pulmonary artery occlusion in the human. 
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The Use of a Small, Desk Top Analogue Computer 
In Nuclear Medicine Education 


Albert Weinshelbaum, M.D.':*:* 
Los Angeles 


INTRODUCTION 


The behavior of a biological system can be described in terms of one or 
several discrete variables. If the interrelationship among these variables is given 
as a mathematical expression, the knowledge of any one provides information 
about the remaining variables in any given situation. 

The resulting equation describing the biological (or physical) system may 
be simple or of considerable complexity. The more complex equations are often 
more readily “solved” by labor saving devices called computers. In utilizing 
an analogue computer, and in setting up its program, an electrical system is con- 
structed in such a way that its behavior resembles the system under study and 
“solutions to the equations that describe the system under study are represented 
by varying voltages taken from the computer” (1). 

For instance, the charge and discharge of a capacitor can represent the 
filling and emptying of a physiological space within the body, the entrance. or exit 
of air from the lungs, or the decay of a radioactive isotope. The magnitude e 
quantities which represent the units in each of these is the voltage of the capacicor 
at a given time. It is important to note, though, that the decision as to whether 
the analogy is appropriate must be made by the experimenter on the basis of 
observations on the biological system. 

As early as 1954 Fossier and Rosen (2) designed a small, portable, desk 
size analogue computer which engineers could use as easily and rapidly as a 
desk calculator. The desk type analogue computer has turned out to be a valu- 
able tool in engineering, and many applications to the biomedical field are pos- 
sible. Examples have been furnished by Clynes (3), Stacy (4), Hiltz (5), and 
Chance (6), from the fields of cardiovascular physiology, pulmonary physiology, 
neurophysiology, and biochemistry. 

Many of the problems concerning the decay and physiological interactions 
of radioactive isotopes in nuclear medicine are particularly suited to analogue 


1Resident in Radiology, Albert Soiland Cancer Foundation and The Los Angeles Tumor 
Institute. 

2Present address: Dept. of Radiology, United States Naval Hospital, Camp Pendleton, 
Calif. 

3The opinions and assertions contained herein are the private ones of the writer and 
are not to be construed as official or reflecting the views of the Navy Department or the naval 
service at large. 
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techniques, because the same basic mathematical laws govern both isotopic 
decay and the discharge of a capacitor through a resistor. Differential equations 
governing radioactive decay can be solved on an analogue computer with almost 
the same ease as multiplication on a slide rule. 

The student of nuclear medicine acquires soon a familiarity with differen- 
tial equations and their use in explaining the physics and physiology of radio- 
active isotopes. The solutions of these equations, as algebraic functions of time, 
are somewhat more difficult, but the log-log slide rule, one of the first analogue 
computers, has been most helpful. A typical problem is illustrated below for 
which the calculation of a complete solution, even with the slide rule, is a task of 
considerable complexity. 

The analogue method is easily mastered by anyone with the appropriate 
background in the basic mathematics of nuclear medicine. When used with a 
suitable readout device, such as a cathode ray oscilloscope, X-Y plotter, or a re- 
cording milliameter, the curve describing the change of the isotope with time 
may be presented in a dynamic fashion. One of the most important lessons which 
the analogue computer demonstrates to the student is that the interaction of the 
radioactive isotope with the biological organism is governed by precise mathe- 
matico-physical laws. Furthermore, the knowledge of any process is advanced 
when it may be defined in the precise language of mathematics. In biology, this 
is necessarily an inductive method, and hence the necessity for a quasi “trial and 
error” method, in determining the appropriate model. 


PRACTICAL DETAILS 


The computer employed by the author was constructed from a commercially 
available kit,! which cost less than $200 (Fig. 1). It is well suited for student 


: 4 


Fig. 1: Computer and read out oscilloscope. 


1Model EC-1 available from the Heath Company, Benton Harbor, Michigan 
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use and operation and is capable of solving linear differential equations of the 
first order. (The order of the differential equation is limited by the number of 
operational relays in this particular device.) At a somewhat greater expense, 
commercial models, such as the Donner Model 3400, are available for the more 
sophisticated user who requires greater accuracy. 

The following analogue solutions illustrate a few of the many in nuclear 
medicine which may be solved by the analogue type computer. For the purpose 
of generality, I have omitted specific numerical values for the hypothetical iso- 
topes. In addition, the factors for converting machine time to real time have 
been omitted for the same reason. Such practical “set-ups” are readily obtained 
from any of the texts in the field. (See Chapter 2 in Korn (7) or the Donner 
Tech Notes (1).) 








. la: A resistance-capacitance (R-C) network. 
. lb: An operational amplifier, symbolized by a triangle lying on its side, employed as 
an integrator. 
R, 
ig. lc: Use of an operation amplifier to multiply by a constant, 
R, 
ig. 1d: The use of an operational amplifier for addition. 
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THE ELECTRICAL ANALOGUE OF RADIOACTIVE DECAY 


Though radioactive decay and the discharge of a capacitor through a re- 
sistor are analogous and are described by similar mathematical expressions, the 
practical considerations of accuracy, reproducibility, and versatility of applica- 
tion limit the use of simple passive networks in analogue computation. 

In a RC network (Fig. la) the current through the capacitor is proportional 
to the derivative of the voltage 


dE 


I= ~Car 


I and E are the instaneous current and voltage, respectively, and C is the 
capacitance. Since 


E 


Il=%, 


the expression representing the voltage across the resistor is 


If the capacitor is charged to a voltage Eo, and then allowed to discharge 
through the resistor R, the above relationship becomes 


dE 


E= —RC~ 


with the minus sign being inserted because the voltage across the capacitor is 
decreasing. The solution of this equation, a function of time, is 


- —'/RC 
by =7 Be ; 


By recording the voltage across the resistor at various times, and plotting the 
values obtained on graph paper, a curve results which is identical in appearance 
to that obtained by “plotting” this equation as an analytical expression using 
F,, R, and C as parameters, and t as the independent variable. The RC net- 
work, employed in this manner, “solves” the differential equation, and as the solu- 
tion represents an integration, under the conditions of the problem, the circuit 
is considered to be an integrating network. If Q, representing quantity of radio- 
active material is substituted for E, and 1/RC is replaced by A 


Q - Q.e*' 


the familiar equation for radioactive decay results. 


In order to avoid the inaccuracies introduced by power consumption in 
passive networks, the modern analogue computer employs a high grain amplifier, 
most often d-c, symbolized by a triangle lying on its side (Fig. 1b). Input voltages 
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are represented by lines directed toward the base of the triangle, and output 
voltages are shown to appear at the apex. The introduction of feedback results 
in a very high input impedance so that almost no current flows in the input 
circuit. Since the current is negligible, no power losses are present. 

Detailed circuit analyses, available in Korn (7), show that if a capacitor, 
C, connects the input and output of the amplifier, the equation governing the 
operation of the amplifier in Figure 1b is 


oa cm ‘ 
E, = — pa} Edt 


Replacing the capacitor by a resistor, R,, multiples by a constant a (Fig. 1c) 


_R; 


=~ 2. 


E; 
or if voltages E, and E, are inserted, the output voltage is equal to the negative 
of the sum of the input voltages, provided R, = R, = R, (Fig. 1d) 


—— Tae” ) 
| (2 A, + Re E2 


To solve the differential equations which occur in the mathematical formula- 
tion of isotope problems, the operational amplifiers are set up to perform one of 
the fundamental operations described above, and are then interconnected so 
their behavior represents the equation to be solved. The following examples will 
illustrate this procedure. 
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Fig. 2: Schematic showing the computer setup for simple radioactive decay. The half-life is 
determined by the setting of Pot A. The capacitance is in microfarads, and the re- 
sistance is in megohms. 
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TYPICAL PROBLEMS AND THEIR ANALOGUE SOLUTIONS 


The first problem is concerned with a hypothetical isotope, A, having a decay 
constant, a. It is desired to describe the decay of the isotope with respect to 
time. 

The differential equation describing the decay is: 


dA _ 


Ph aA 


and the algebraic solution, obtained by separating the variables and integrat- 
ing is: 
A=Ae°' 

The analogue solution is simply obtained by setting a portion of the output 
of an integrating amplifier equal to the input (Fig. 2). The constant of integration 
is obtained by inserting the voltage representing the initial quantity of isotope 
into the integrating capacitor at the start of the solution. The “machine time” 
solution is then obtained. Four different solutions, obtained from four different 


settings of pot A, and recorded on a direct writing oscillograph, are shown in 
Fig. 2a. 
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Fig. 2a: Representation of the decay of different isotopes with different half lives, produced 
by varying the setting of Pot A in Fig. 2. 
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Fig. 3: Schematic of the analogue solution to the second problem. The capacitance is in 
microfarads and the resistance is in megohms. Refer to the text for details. 
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Fig. 3a: Output of integrating amplifier 1 in figure 3 at different settings of pots X and Y. 
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Fig. 4: Schematic of the analogue solution to the third problem discussed in the text. 
Capacitance is in microfarads and resistance in megohms. 
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Fig. 4a: Simultaneous representation of X, Y, and Z, from the differential equations of the 
third problem. 
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Fig. 4b: Effect on Y when a is varied and b remains constant. Curve 1 is produced by a 
large value of a, and curve 2 by a small one. 


The second problem involves an isotope A, which has both a physical and 
biological half life. The physical decay constant is x, and the biological decay 
constant is y. It is desired to depict the total decay of the isotope within a bio- 
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Fig. 4c: Effect on Y when a is varied and b remains constant. Curve 1 is produced by a 
large value of a, curve 2 by a smaller one. 





ANALOGUE COMPUTER IN NUCLEAR MEDICINE 67 


logical organism, as well as the decay of the isotope outside the organism, and the 
disappearance of the isotope from the organism. 
The differential equation representing the solution to the problem is: 
dA 


alee xA — yA , 


and the algebraic solution is: 
A = A a ete 


Physical decay alone is obtained by setting y = O, and independent biological 
decay is obtained by setting x = O. 

The analogue solution is shown in Figure 3. Curve 1 in Figure 3a represents 
physical decay alone and is obtained by setting pot Y to zero (ground potential ), 
curve 2, representing biological decay alone, is obtained by setting pot X to zero, 
and curve 3, representing the observed decay of the isotope within the organism, 
is obtained with x and y set to the proper decay constants. 

The third problem is of greater complexity. Assume that isotope X having 
decay constant a decays into isotope Y with decay constant b, which in turn 
decays into stable isotope Z. (An example of such a situation is the preparation 
of I'8* from Te!*? according to the following reaction): 


132 132 132 
5212 C Sr eR ee 


It is desired to plot the decay curves of X and Y, and the curve representing the 
appearance of F. 
The differential equations representing the above system are: 


dX 
oC 


d VY 


dt 

dZ _ 

dt 
The algebraic solutions are: 


—al 
X=Xe° , 


GXio fs ay 
age (e 7 a ; 


b an a we ' 
Z=X, (1 omg fe ee 
fe” he" 
The plot of the solutions to the above equations is a very time consuming process 


without the analogue computer. 
The analogue solution is shown in Figure 4. The input to amplifier 1 is the 


expression of the decay of isotope X, 4X = — aX, the input to amplifier 3 is the 
dt 
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= aX — bY, and the input to amplifier 5 is the production of Z, 


ue = bY. Amplifiers 2 and 4 are sign inverters. A typical solution, as recorded 
on the direct writing oscillograph, is shown in Figure 4a. 

One of the advantages of analogue simulation is the rapidity with which a 
complex solution may be examined under the influence of varied parameters. This 
provides a feel for a system which is almost impossible to obtain using the analy- 
tical approach. Figure 4b shows the effect of varying the decay constant of the 
second isotope, Y, on the amount of Y present at a given time, the decay con- 
stant of X remaining constant. (Physically, this would represent a different sys- 
tem.) This is effected by a change in the setting of pot B. Readily apparent by in- 
creasing the decay constant is the earlier time at which isotope Y reaches its maxi- 
mum, as well as the smaller total amount present at this time. 

In a similar fashion, a, the decay constant of X, is varied by changing the 
setting of pot A, and the effect on Y is noted (Fig. 4c). In this case, increasing 
the value of a causes the maximum of B to be reached more rapidly, but, unlike 
the previous example, increasing a produces a larger amount of B at its maximum. 


SUMMARY 


Applications of a simple, relatively inexpensixe analogue computer to a few 
hypothetical problems in nuclear medicine involving radioactive decay are dis- 
cussed. The only prerequisite for using this device is a basic understanding of 


differential equations. Besides the solutions to specific problems, the student of 
nuclear medicine obtains a better, more sophisticated understanding of the 
dynamic, time dependent nature of radioactive material and its interaction with 
the biological organism. 
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Scintillation Counting of Aqueous Solutions’ 


Gerald Moss, M.D., Ph.D. 
Albany, New York 


INTRODUCTION 


Liquid scintillation counting of low energy beta emitters has become ac- 
cepted as a valuable technique. It requires suitable, non-quenching solvents, 
which are compatible at counting temperatures with both the material under 
analysis and the phosphor. Unfortunately, such solutions cannot be prepared with 
many compounds of biochemical interest (e.g.: proteins ). Suspension of insoluble 
materials in phosphor solution gels has not proven to be generally useful. Of 
necessity, a common approach is the formation of reaction products which are 
soluble (e.g.: with organic amines), but this renders the substance unsuitable 
for further use and/or study. These “stubborn” materials are almost always water 
soluble. 

Steinberg (1, 2) suggested using solid phase phosphors, as particles or fila- 
ments, for counting aqueous solutions. He achieved reasonable efficiency (29% 
for C'*) using hand packed plastic phosphor filaments. The described technique 
was laborious, and not applicable to routine counting of multiple samples. The 
method did feature quantitative recovery of the unchanged, uncontaminated 
radio-active substance. 

We modified the procedure to retain its desirable features, and also permit 
rapid, inexpensive, and reproducable routine counting. Water and alcohol in- 
soluble plastic filaments (containing phosphor) are permanently fabricated into 
small, uniform “dumb-bells” (Fig. 1). Solutions are introduced into the inter- 
stices by capillary action, and the unit supported in an empty vial for counting. 
The sample is then recovered by soaking. 


1Contribution from the Department of Biochemistry, Albany Medical College, Albany, 
N.Y. 
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MATERIALS 


Scintillation “B” Filaments, 0.5 mm diameter and 25 mm long;? glass tubing, 
4.5 mm I.D. and 1 mm wall thickness; scintillation counting vial, 5 dram;? plastic 
vial, % inch diameter and 1% inches long.’ 


PROCEDURE 


Cut glass tubing into approximately one-half inch lengths. Pack the plastic 
filaments (approximately 60) tightly into the tubing, and align the ends by 
tapping vertically against a flat surface. Slide the glass piece to allow only 1 
mm protrusion of the filaments, which are then fused by holding near an open 
flame. Slide the glass tubing to 1 mm from the opposite end of the plastic bundle, 
and repeat the fusion. The tubing is removed by gently crushing the glass with 
a pair of pliers. The result is uniform, “dumb-bell” shaped units. 


EXPERIMENTAL 


A standard solution was prepared, containing 50,000 disintegrations per 
minute per milliliter of Na,C'*O,. The aqueous solution was introduced into the 
unit by a micro-syringe, whose #25 needle was inserted into the center of the 
“dumb-bell”. (Alternatively, we have added surface active agents to either the 
sample or the filaments, and then pipetted the solution onto the “dumb-bell’s” 


1Pilot Chemicals, Inc., Watertown, Mass. 
2Packard Instrument Company, Inc., LaGrange, II. 
3Celluplastic Corporation, Fitchburg, Mass. 
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outer surface.) The sample distributes itself within the interstices by capillary 
action. 

The unit then was placed within a small plastic vial, which in turn was 
stood within a standard counting vial. This oriented the filaments perpendicularly 
to the photo-tubes. Counting was performed in the usual manner.‘ 


RESULTS 





Sample No. Microliters Disintegrations/minute Counts/minute Efficiency 


0 0 

50 2,500 28% 
50 2,500 29% 
50 2,500 28% 
25 1,250 28% 





DISCUSSION 


The simple unit described will allow efficient (28% for C'*) counting of 
aqueous solutions, without destruction of the sample. Many units can be made 
easily, and used interchangeably. Conceivably, mass production could provide 
disposable units. 

Each interstitial space has a cross-sectional area 5 per cent that of a single 
filament, and the interstitial volume is 10 per cent that of the plastic bundle. 
Even greater efficiency might be obtained by the use of finer filaments. The unit 
described has a capacity of 50 microliters, and efficiency is unrelated to sample 
volume, up to and including this maximum. After counting, the sample is re- 
covered by prolonged soaking. 

An increase in efficiency, up to 33 per cent, was noted when the filaments 
(acting as “light pipes”) were oriented to face into the photo-tubes. This phe- 
nomenon could be exploited when using manual sample changers. However, 
there is too much variation in orientation (with variable increase in efficiency ) 
with the use of automatic changers 

Simple and rapid trapping and counting of plasma C'O, has been ac- 
complished utilizing this technique. Alcoholic solutions of NaOH were used to 
deposit the alkali within the interstices. The “dumb-bell” was placed within its 
vials, and attached to a device for C'4O, liberation and trapping, previously de- 
scribed. (3) The vial was then capped and counted. 


4Packard “Tricarb” liquid scintillation counter, made available through the cooperation 
of Mr. Irving Sax, head of Radiological Sciences Group, New York State Department of 
Health, Division of Laboratories and Research. 
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PRELIMINARY PROGRESS NOTE 


The In Vivo Autoradiography of Human Prostate— 
A Preliminary Communication’ 


Joseph L. Rabinowitz, Ph.D., Arlyne T. Shockman, M.D. 
and Morton Bogash, M.D. 


Philadelphia 


The success obtained in in vivo autoradiography of the stomach and other 
areas of the body induced us to investigate the possible use of this technique for 
study of the prostate in man. The autoradiographs obtained without unusual ex- 
penditure of time or money are of sufficient clarity that they may prove useful 
as adjuvants in the diagnosis of prostatic disease. For this purpose patients with 
various prostatic and urological problems were selected. Each patient received 
soluble phosphate (Phosphorus 32) intravenously in dosage 3-5 pc/kg. Twenty- 
four hours later the patient had an enema, and a rubber finger cot of approxi- 
mately 8-10 cm in length and 1.5 cm in diameter was placed in the rectum. This 
finger cot was specially prepared by being coated on its internal aspect with auto- 
radiographic film suitable for beta radiation assay. Inside the finger cot which 
was expanded by 100-150 ml air in order to obtain contact of the rectal mucosa 
and the finger cot a rubber balloon was placed. The patient remained in the 
prone position from one to one and a half hours in a dark room. At the end of 
this time the air was released from the inner balloon and the finger cot removed, 
developed with autoradiographic developers and fixatives and inverted. 

For visual comparison the autoradiographic result of a patient with a prosta- 
tic lesion is shown in Part A of Figure 1. Part B of Figure 1 shows an autoradio- 
graph of the prostate of another patient without any apparent lesion. 

In the first 12 patients reasonable correlation was noted between the pattern 
obtained on the finger cot coated with flexible emulsion and the findings on rectal 
examination and tissue examination. The dark areas usually corresponded to palp- 
able areas of carcinoma of the prostate. There was some difficulty in interpreting 
the localization as we were not always certain that the rectal balloon remained 
essentially immobile. 

In the second series of 12 patients in which a different batch of flexible emul- 
sion cots was used, no correlation was observed between dark areas and findings 
on palpation and histologic examination. In addition, in these within 24 hours 
after exposure the majority of the surface of the flexible emulsion turned com- 
pletely gray to black and no definite pattern was observed. 


Contribution from the Radioisotope Service and the Urology Department, Veterans Admin- 
istration Hospital, Philadelphia 4, Pennsylvania 
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Fig. 1. 


We are continuing at present with a third group of newly processed finger 
cots which we hope will give us results somewhat similar to our original observa- 
tions. This avenue of investigation shows some promise but at present much 
difficulty in obtaining reproducible results has been encountered. Also up to the 
present no difference could be observed between some active benign lesions and 
malignancies. 
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TO THE EDITOR: 


In the twenty-one months since the introduction of Hg" as a scanning nuclide, we have 
spent much time in establishing the true characteristics of this low energy emitting nuclide. 
The reactor produced Hg™ has a Hg** contamination inheritant in its production so that even 
the standardization of the Hg” microcurie has been a problem. We therefore present our pres- 
ent understanding of the physical characteristics of Hg” and our calculations of the radiation 
dosimetry involved with the radiopharmaceutical, Hg” Neohydrin. 


197 


CHARACTERISTICS OF HG 


Mercury™ decays by electron capture in all instances. Here, it will be assumed that cap- 


ture is 100 per cent K-capture. After K-capture, the vacancy is filled with L electron. The emis- 
sion of a 69 Kev K x-ray or Auger electron (approx. 52 Kev) follows. The K fluorescence yield 
(defined as the number of K x-ray quanta emitted per vacancy in the K shell) is approximately 
0.95 for Z®. Thus, one would obtain 95 K x-ray (69 Kev) and 5 Auger electrons (52 Kev) per 
100 disintegrations. 


The product nucleus, gold-197, is left in an excited state and decays by gamma emission 
and internal conversion. From the 191 Kev excited state, which occurs 1.7% of the time, we get 
1.5 191 Kev gammas per 100 distintegrations, using 2 k=0.9 (a k is the gamma ray conversion 
coeficient for electrons ejected from the K shell). This leaves approximately 0.2 per cent which 
are internally converted. Since these resulting electrons and characteristic x-rays contribute very 
little, they have been neglected for dosimetry purposes. 


Another excited state, the 77 Kev level, occurs directly 98.3 per cent of the time but is 
also found as the nucleus reaches the ground state from the 191 Kev level. Thus, this 77 Kev 
level occurs 100% of the time. However, only 30 77.3 Kev gammas per 100 disintegrations are 
found since the other 70 are internally converted. This is calculated by using the value of 2.3 
for the conversion coefficient. The 70 that are internally converted result in approximately 70 
64 Kev conversion electrons and 70 10 Kev x-rays per 100 disintegrations. This is based on the 
value for “I/“II/"III of 10/4.6/3.4. The x-rays are from L shell conversions since 80 Kev is re- 
quired (only 77 Kev available) for K shell conversion. Here also, conversions beyond the L 
shell are not considered and one assumes 100 per cent L shell conversion. 


Summarizing the radition from the above values and approximations, one finds, per 100 dis- 
integrations: 
95 69 Kev x-rays 
15 191 Kev gammas 
30 77.3 Kev gammas 
70 10 Kev x-rays 
5 52 Kev electrons 
70 64 Kev electrons 


According to the available literature, photons of less than 11.3 Kev should be classified as 
beta particles for the purpose of dosimetry. Thus, in ignoring the 10 Kev x-rays from gamma 
dosimetry, one has 126.5 gammas per 100 disintegrations with an average total energy of 91.6 
Kev per disintegration. By including these 70 10 Kev x-rays in the beta particle dosimetry, one 
finds 144 “beta Particles” with an average energy of 54.4 Kev (E,) per disintegration. 
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Using the formula, f ~ 5.25 E Rh“'mc™ at one cm. (from p. 45, NBS Handbook #80), 
one finds the gamma emissivity (1) to be approximately 0.48. This compares favorably to the 
N2x My mMenx Ey 
value of 0.476 found from ¢ = (p. 44, NBS #80). 
4rd? 





RADIATION DOSIMETRY OF HG“ NEOHYDRIN 


Using whole body counts the effective half-life of Hg” Neohydrin in the body was calcu- 
lated to be .23 days. Utilizing the Hg™ characteristics described above, the whole body radia- 
tion dose is 17 millirads per one millicurie patient dose. 


The renal retention of mercury has been found by ourselves and others to be approximately 
10 per cent. In sacrificed normal dog kidneys and in externally counted human kidneys, the ef- 
fective half-life of mercury in the kidneys has been found to be eighteen days. However, with 
Hg" the effective renal half time cannot be greater than the physical half-life of the nuclide 
which is 2.7 days. The radiation dosage to the kidneys is then 4.37 rads per one millicurie pa- 
tient dose. Thus, the renal radiation dose of Hg”* Neohydrin of 42 rads is greatly reduced ad 
utilizing 197 Neohydrin. 


In clinical scanning Hg” Neohydrin has proved to be far superior to other available radio- 
nuclides. In scanning, the tissue to background ratio has been increased to a factor of 2.7 as op- 
posed to the Hg™ ratio of 1.7. This can be explained by Hg"”’s ease of collimation, increased 
number of usable photons per disintegration and the increased efficiency of our sodium iodide 
crystals at this lower energy. 


The Hg™ contamination (2-5%) present in the commercially available Hg” Neohydrin is 
worth mention. This contamination limits the shelf life of this compound and twice weekly pro- 
duction has limited our use of Hg®* contaminated material. However, we have been assured that 
Hg" Neohydrin will have less Hg™ content in the future. 


ACKNOWLEDGEMENT 
The author is indebted to Capt. Dwight Glenn, Capt. Sayler and Sgt. Ralph Kyle of 


Walter Reed General Hospital for assistance in the collection of this data. 


D. Bruce SopEE, Major, MC, Isotope SERVICE 
WALTER REED GENERAL HosPITAL, WASHINGTON, D.C. 


REFERENCES 


1. Hine, G.; BROWNELL, G.: “Radiation Dosimetry.” Academic Press, 1956. 
2. National Bureau of Standards, Handbook +80. 
3. DzHELEPOV AND PEKER: “Decay Schemes of Radioactive Nuclei.” Pergamon Press, 1961. 








76 LETTERS TO THE EDITOR 


TO THE EDITOR: 


In our studies on the suitability of I™ tagged bile components (1) for liver function test- 
ing, we have evoked some provocative information that, although insufficient for definite 
statistical conclusions, may nevertheless be of interest to readers. 


Our current series concerns I'* tagged cholic acid.t This has the advantage over our pre- 
vious agent, I tagged bilirubin, of apparent greater stability of the I bond in passage 
through the liver parenchyma. It permits study of bile acid function, a procedure not readily 
accomplished by chemical means (2). This may give us an easy means to evaluate conditions 
such as dissociated jaundice, i.e., an increase in the serum bile acids without clinical evidence 
of jaundice (3), as well as the more classical states. 


Our procedure consisted of administration orally of one microcurie of I tagged uncon- 
jugated bilirubin after an overnight fast and previous preparation with five drops of Lugol’s 
solution. The absorption of cholic acid occurs in the distal small intestine and is independent 
of dietary constituents (4). Blood for bilirubin determination was drawn immediately before 
administration of the test dose. Twenty-four-hour urine specimens were collected and percent- 
age of urine recovery was determined. 


We were able to do only 12 meaningful cases with our supply. Of seven normal cases the 
mean recovery was 27 per cent. Of the remaining cases with clinical evidence of liver disease 
the mean was 45 per cent, 24-hour urine recovery. We were able to demonstrate one case of 
dissociation in a patient with previous partial hepatectomy where the serum bilirubin was 0.5 
per cent and the I™ cholic acid 24-hour urine recovery was 56 per cent. 


We feel that these findings are very encouraging, and we plan to follow up with a 
definitive study as soon as possible. 


GerorGE B. GREENFIELD, M.D., DEPT. oF RADIOLOGY 
University OF ILLINOIS COLLEGE OF MEDICINE, CHICAGO, ILL. 
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TO THE EDITOR: 


It is the purpose of this communication to suggest a further, yet simple means of contrast 
enhancement of the isotopic scintiscan: the use of a minifying lens as an aid in viewing the 
scan. 


Since the advent of the first scanning device (1), major advances have increased the 
diagnostic quality of the scintiscan. Improved collimation and the use of background cut-off 
have led to greater discrimination between tissues containing different quantities of radioactiv- 
ity. A variety of devices for contrast enhancement have accentuated the differences in density 
produced by small differences in count rate so that such differences can be distinguished 
visually. Recently, closed circuit television and magnetic tape recording have allowed recording 
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of all data with playback at an infinite variety of background cut-off and contrast enhancement 
combinations. 


Despite these improvements, the inability of the eye to perceive very small differences in 
density continues to be a limiting factor in the interpretation of scans. Recently, it was dem- 
onstrated that variations in count rate which would otherwise pass unnoticed could be dis- 
cerned when several colors were used in the scan so as to further exaggerate small differences 
in count rate (2). Thus, closed circuit color television has been added to the growing list of 
devices for contrast enhancement. 


Insufficiently stressed in the search for improved contrast enhancement has been the 
process of minification. We have found that by viewing scintiscans' through a minifying lens, 
differences in densities are accentuated, and thus the detection of minor variations is increased. 


The physiological principles explaining the virtues of the minifying lens as applied to the 
viewing of roentgenograms have been summarized by Tuddenham (3) “cone activity, and 
hence perception, depends upon the rate of change of illumination with distance across the 
retina.” The identical principles apply to the viewing of scans. With the use of the minifying 
lens, the size of the retinal image is diminished, yet the original variations in density are pre- 
served. Consequently, the rate of change of these light patterns with distance across the retina 
is increased. Small differences in density are more easily perceived, and heretofore, subliminal 
images may become apparent. These principles explain one reason that reproductions of scans 
in journals often show abnormalities to better advantage than the original recording. In the 
process of photographic reproduction, the scan is minified. 


Minifying lenses may be obtained in a variety of strengths. We have found a lens of —7 
diopters to be satisfactory. 


The minifying lens is obviously not a substitute for careful instrumentation. It can not 
bring to the retina what is not recorded on the scintiscan. However, by accentuating retinal 
cone stimulation, the inexpensive minifying lens can increase perception of recorded ab- 
normalities, 


Ronap A. SELTZER, M.D., RapioisoTorpE LABORATORY, CINCINNATI GENERAL HospPirTAL, 
CINCINNATI, OHIO. 
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BOOK REVIEWS 


Kurtsin, I. T., Effects of Ionizing Radiation of the Digestive System, New York, American 
Elsevier Publishing Company, Inc., 1963, $16.00, 276 pages, 27 pages of references, indexed, 
72 illustrations, 68 tables. 


The publishers blurb for Errects oF IonrziInc RADIATION ON THE DIGESTIVE SYSTEM 
states “. . . a practical outline of the prevention and treatment of serious radiation injury to 
the digestive organs is not neglected, and many references are included.” The words “preven- 
tion” and “treatment” and related words are not included in the index. I went through the 
text, page by page and could find no references to them. The reference list is long (mostly 
Russian articles) and I could not check them. However, the misleading blurb and a pre- 
liminary “note” (by the author?) is sufficient to confine the book to the waste basket; but 
this might not be the fault of the author. 


Dr. Kurtsin reviews the history of digestive-system radiation damage, in a short intro- 
duction, differently from the way I have been taught the literature. Many of the articles 
quoted are articles I recognized as having little or nothing to do with the digestive system, 
and some that I recognized are not even secondary references. There is a puzzling reference 
to “gastric paresis” during the first 24 hours of the chronic course of a disease. I am not sure 
what the first 24 hours of a chronic course is. There are references to “signs of central nervous 
system, functional disorders” at doses “occasionally at five to ten times above maximum per- 
missible levels.” Most of the book is a description of the authors “team of scientists” work on 
prolonged chronic experiments on 100 dogs. There is a great talk in the foreword on using 
both dose and dose rate. The body of the text makes little reference to dose rate except in 
the most general terms. A good indication of the direction of the work described is in the 
foreword, “this research has been conducted in conformity with the general theory of I. P. 
Pavlov on higher nervous activity and the teaching of K. M. Dykov on functional interrelations 
between the cerebral cortex and the internal organs.” This is different from the American 


radiobiological tradition of conducting all work in conformity with the blood stream and bone 
marrow. 


All the basic functions of the digestive system—secretion, motility, and absorption—are 
said to be damaged by radiation (various doses and dose rates—various digestive-system func- 
tions). Apparently the clinical summary referred to by the author in the foreword is con- 
tained in the last chapter, which very briefly states that “a detailed analysis of the function 
of an organ is important . . . a major element in diagnosing radiation injury to the digestive 
function is the composition of the secretion . . . a clinical appraisal of the digestive disorders, 
then, must take into account all the signs of radiation sickness . . .” The statement on therapy 
is included in the last paragraph of the book “. . . must be based on the individual approach 

. should include combined measures aimed at overcoming the pathological phenomena both 
in the digestive system proper and in the higher divisions of the central nervous system regulat- 
ing its activity.” The book might be of interest to radiobiologists who are surfeited by the hae- 
matological and DNA fads. It is of almost no value to physicians. 

M. B. 


Lesepinskiy, A. V. AND NAKHIL’NiTskaya, Z. N., Effects of Ionizing Radiation on the Nervous 
System, New York, American Elsevier Publishing Company, Inc., $12.50, indexed, 154 pages, 
39 pages of references, 44 illustrations, 5 tables. 


This book on effects on the nervous system should be of greater interest to scientific his- 
torians than to radiobiologists. According to Lebedinsky and Nakhil’nitskaya “. . . before and 
after the turn of the century, radiobiology was almost entirely concerned with the discovery 
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of the nervous effects of X rays.” This is a switch because it is almost totally untrue in western 
radiobiology. The authors point out that “. . . the notion arose that the nervous system is in- 
sensitive to ionizing radiation. It is only recently, mainly because of the work of Soviet investi- 
gators, that the concept that the nervous system participates in the organism’s reaction to 
ionizing radiation has been accorded its rightful place.” 


According to the authors the effects of ionizing radiation on the central nervous system 
were first studied experimentally by Tarkhanov in 1896. Tarkhanov was a pupil of Schenov 
and followed the techniques of Vvedenskiy who was the first to study the effects of light on 
the central nervous system. Tarkhanov used frogs and flies; he studied the effects of radiation 
of “acid reflexes in the frog” in which the entire animal except for one limb was shielded with 
lead. (I do not agree or disagree, it is just a new thought and I cannot check it.) 


The pre-1900 observations of Edison on the use of the “new light” in blindness is men- 
tioned as the beginnings of direct stimulation of the retina, which is considered evidence for 
a nervous-system stimulation. In western radiobiology most of the visual effects were ex- 
plained on the basis of a biochemical reaction and little attention was paid to subsequent work 
except as an explanation for an observation, Apparently in the Soviet literature these are 
serious predecessors of the study of effects on nervous tissue. 


One chapter is devoted to a review of what happens to the “analysors”—eye, ear, nose, 
throat, skin. A chapter on the direct effects of ionizing radiation on the nervous system both 
peripheral and central is followed by much discussion of conditioned reflex activities with 
many different kinds of radiations under different conditions of shielding. There is consider- 
able discussion of experiments with various istopes, P™, Sr”, Po™°®, Co”, and purely external 
radiation. The EEG changes are analyzed in detail “from all this we can conclude that even 
insignificant doses of X-irradiation, ‘tracer’ amounts of Na’', P”, and I’ caused changes in the 
EEG that consist of an initial rise in electric activity followed by its depression.” I can find 
little attempt to separate possible chemical effects from purely radiation effects and there is 


a wide range of doses with little mention of dose rate except for gross and somewhat obvious 
measures. There is a long discussion of experiments done on embryos and very young animals, 
on the pereability of the blood brain barrier, on cerebral circulation, and intracranial pressure. 
The attempt to explain nervous-system effects involves both biochemical and morphological 


changes. The authors’ summary stresses the lack of knowledge and the need for further re- 
search, 


Once you get over the enormous shift from a western to a Russian prejudice toward a 
99.9 per cent neurological physiology, this is not an inconsequential book. Since my pre- 
judices are somewhat different from those of the authors, I find myself confused by a mass 
of (seemingly) inconsequential detail mixed with some excellent experimental observations, 
all carefully rendered in a scientific-political verbiage that is different from the scientific- 
political verbiage to which I am accustomed in western literature. I think this is a worthwhile 
book for western radiobiologists. There is not much of practical value to western physicians. 


M. B. 





Publications Committee Report 
the Society of Nuclear Medicine 


This report, submitted to the Executive Committee and the Board of Trustees of The So- 
ciety of Nuclear Medicine at its midyear meeting in Chicago, is a joint report of the Publica- 
tions Committee and the editor of THE JOURNAL OF NUCLEAR MEDICINE, the official 
publication of The Socity of Nuclear Medicine. 

The 1963 meeting of the Publications Committee and editorial staff of THE JOURNAL 
was held at the Queen Elizabeth Hotel in Montreal on June 27, 1963, during the tenth annual 
meeting of The Society of Nuclear Medicine. 

The principal item of business was the discussion of the constructive criticisms of THE 
JOURNAL offered by the president-elect Dr. Sears, during the meeting of the Board of Trustees 
held on the previous day. It was the unanimous opinion of those present that the following 
items should be added to the contents of THE JOURNAL provided sufficient space is available: 


Scientific editorials 
Scientific letters to the editor 
Book reviews 
Appropriate Society news 
. A president’s page 


Since the addition of the above features to THE JOURNAL would require space currently 
occupied by scientific articles and since over the past several years publication time in THE 
JOURNAL has been unduly long because of the backlog of excellent papers, it was the unani- 
mous opinion of the committee that THE JOURNAL should be published on a monthly basis 
commencing in January, 1964. This decision was contingent upon the determination of the fiscal 
feasibility of such action. Accordingly, Mr. Turiel was requested to work out this information 
and report back to a second meeting of the Publications Committee on June 28. 

The special meeting on June 28 was a joint meeting of the Publications Committee with 
the officers of The Society and those past presidents who were in attendance at the annual 
meeting. Mr. Turiel pointed out that it would be possible to increase the frequency of publica- 
ion provided that an appropriate increase in THE JOURNAL subscription portion of the annual 
dues would be approved. It was the unanimous opinion of all present that The Society should 
take this course of action and request its approval at the annual business meeting on June 29, 
1963. (It is noted here for information that this action was approved at the business meeting. ) 

The Publications Committee and the editorial staff accept this vote of confidence with hu- 
mility and with the determination to guide the publication of THE JOURNAL in a manner 
that will reflect the scientific objectives of The Society and, at the same time, render greater 
service to the membership. The increased publication rate will provide space for additional 
abstracts of current articles on the various aspects of nuclear medicine published in other jour- 
nals as well as for abstracts of papers presented at chapter meetings. Monthly publication will 
also allow for balance of the subject matter of original articles, permitting the edition of more 
papers on biological effects of radiation, radiation protection, and instrumentation to the im- 
portant categories of diagnosis and therapy. 

As THE JOURNAL reaches another milestone, the expressed appreciation of the editor for 
the interest, cooperation, and patience of the members of The Society and its officers is in order. 
Likewise, it is acknowledged that without the generous assistance of the associate and consult- 
ing editors and the reviewers the publication of THE JOURNAL as a scientific periodical 
would not be possible. The continued cooperation and assistance of the publisher and managing 
editor Mr. Samuel N. Turiel is gratefully acknowledged. 


George E. Thoma, M.D. 

Chairman, Publications Committee 
Editor of The Journal of The Society 
of Nuclear Medicine 





President's Letter 


THAD P. SEARS, M.D., F.A.C.P. 


To conceive, give birth and lead to maturity, a new national scientific society is to accept 
a very great and long enduring responsibility. Such an effort is even more challenging when 
the membership is composed of persons who hold a variety of scholastic degrees, who are 
seeking variable objectives and who are working in a scientific field so recently established 
that it is identified with the atomic age of man. 


Such a society cannot reach fruition save by the unwavering loyalty of its total member- 
ship. It must hold to the conviction that its aims are thrilling in prospect and worthy of the 
tasking; it must accept the proposition that whatever may be the present sphere of activity 
of any member, he shall make his contribution for the good of all. 


The Society of Nuclear Medicine has done well in these regards. Our founders were men 
of vision who scarce could have visualized how rapidly we have grown. To begin with under 
fifty members and, in a decade, to approach 2500 is not less than remarkable. But growth alone 
is an incomplete criterion of worth. By what other indices have we done well? 


We have found that our unique mixture of degrees and objectives is actually a significant 
part of our strength. Having no special precedents for the guidance of a new kind of society 
the Trustees, with great devotion and the expenditure of much time and personal funds, have 
worked unceasingly toward the establishment of sound policies. Our total attendance at 
meetings, our scientific programs, our exhibits both scientific and commercial, our social activi- 
ties and our camaraderie have grown and aes with every annual meeting. I believe that 


the June 1964 meeting will be the most rewarding one to date. 


Beginning with perhaps fifty members and little more than an idea some twelve years 
ago, what Society activities are now in progress as we start the year 1964? I think you will be 
agreeably surprised by their comprehensiveness. Besides the fact of our numerical growth, we 
have established a Journal of twelve yearly issues. We are about to present our Fifth Annual 
Lecture Honoring Great Scientists and given by eminent speakers. Eight of our members now 
serve on the AMA Committee of ten on Nuclear Medicine. We have men working on problems 
of liaison with the AMA looking toward recognition of nuclear medicine as a subsection. We 
now plan exhibits by the Nuclear Society at the June 1964 annual meeting of the AMA. 


We have completed a survey of the teaching of nuclear medicine in 106 North American 
medical schools. We are studying means by which the classification of Fellow of The Society 
of Nuclear Medicine can be established. Committees are working on the matter of a sub- 
specialty Board leading to accreditation. Our bylaws are being revised and expanded. In June 
1964 we will discuss the creation of a National Registry for the report of malignancies treated 
by radioisotopes. A training program, examination and registration for nuclear medical tech- 
nicians, carried on as a joint effort with other societies, has about reached the stage of agree- 
ment. 


We have received overtures for a cooperative association with similar societies in Europe 
and Japan. We have men reporting on national administrative regulations of isotopes. We 
have been consulted by the AEC on these matters. We have representatives on the National 
Research Council. We are cultivating Society traditions such as a Society Medal for outstanding 
achievement by members, the awarding of certificates, the gavel tradition, attention to 
necrology, etc. The special features planned for our ladies are prospering. 


All this is in addition to our routine management of communications, finance, preparation 
of our Directory, and the extensive preplanning of annual meetings. 


This is no paper program. Our people are working at it. Keep beating the drums. We are 
on our way. And the very best wishes to all of you for a splendid 1964. 
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Late Results of I**' Treatment of Hyperthyroidism in 
Seventy-three Children and Adolescents'*” 


Paul Starr, M.D., Henry L. Jaffe, M.D., and Leon Oettinger, Jr., M.D. 
Los Angeles 


This study of seventy-three children and adolescents treated in three Los 
Angeles hospitals between 1949 and 1961, was undertaken to determine whether 
radioactive iodine administered for the treatment of hyperthyroidism was subse- 
quently carcinogenic or dysmutagenic in these patients who were 18 years of age 
or younger at the time of the isotope treatment. 


CLINICAL MATERIAL 


The ages and sex of these children are shown in Table I. 

In most cases the diagnosis was established on clinical findings and elevated 
serum PBI. In 60 children whose PBI determinations pre-therapy were made, the 
values were as follows: 12 were less than 10 mcg per cent; 25 were from 10 to 15 
mcg per cent; 11 were from 16 to 19 mcg per cent, and 12 were over 20 mcg per 
cent. In 13 cases, the diagnosis was based on clinical findings and I'*! uptake 
studies. In this group of children the uptake values ranged from 41.5 to 99 per 
cent in 24 hours. Of the 69 children, including these 13 who had 24 hour uptakes 
of I'*! tracer doses pre-therapy, 4 had uptakes below 40 per cent; 39 were be- 
tween 40 and 75 per cent; and 26 were above 75 per cent. In 21 children BMR’s 
were run; of these, 15 were well above normal, but in three patients the metabolic 
rates were only +2, +8, and +8 per cent. In these three, the serum PBI measure- 
ments were 9.4, 13.3 and 12.4 mcg per cent respectively. 

Table II indicates the gland size, when recorded, presence of nodularity if 
noted, and the dates and amounts of I'*! given. The glands of 5 children (#9, 
56, 57, 61 and 65) were listed as being nodular; in #10 and #70 nodularity was 
questionable at the time of diagnosis. No further mention is made of a nodule on 
subsequent examinations in most of these cases. There was one substernal goiter 
(#15) and in two instances (#31 and #32), the isthmus was described as en- 
larged. The child with the substernal extension had had surgery on two occasions, 
with recurrent thyrotoxicosis; subsequent administration of I'*! was successful. 


*From the Los Angeles County Hospital; Department of Medicine, University of Southern 
California; The Children’s Hospital, and Division of Radiation Therapy, Cedars of Lebanon 
Hospital. With the cooperation of Robert Freeman, M.D.; and Norman Specht, M.D., White 
Memorial Hospital, Los Angeles. With the assistance of Mrs. Ruth M. Bourke. 

*Supported by The American Cancer Society, Grant #E-152. 

*Presented at the American Thyroid Association, May, 1961. 
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The first dose of I'*! was less than 1 Mc in 8 patients; from 1.0 to 3.0 inclu- 
sive in 25 patients; more than 3.0, but less than 7.2 Mc in 25 cases; 4 received be- 
tween 8 and 15 Mc, and one girl was given a total of 29.2 Mc. Forty-two children 
had only one treatment of radioiodine; 20 had 2 drinks of the isotope; 3 treat- 
ments were administered to 9 children; one had 5 doses in 7 months, and one 
girl received 6 doses totalling 29.2 Mc over a period of 16 months. 

Two children were given their first dose 14 years ago; 7 received their first 
treatment 13 years ago; 16 were treated 11 or 12 years ago; 18, 8 or 9 years ago; 
15 received I'*! 6 or 7 years ago; 14 were treated 3 to 6 years ago, and one was 
treated during the past 2 years. 

Table III shows the age and year of I'*! therapy that each child received and 
the date of the last examination by the administering hospital or physician. Two 
of the 73 children died less than 1 year after therapy, of causes unrelated to their 
I'*! treatment. Follow-up has been complete except for 3 cases, i.e. 95.8 per cent. 
The three missing cases are as follows: #21 has married and moved out of the 
continental USA; to date we have not been able to locate her. Numbers 41 and 
46, whose parents had been most uncooperative in the past, have moved out of 
California; we have just received addresses in the Eastern States, and requests for 
examinations have been forwarded to their parents. 


* 


RESULTS 


Hyperthyroidism was controlled in all of the cases adequately treated, even 
though repeated administration was required in some patients. For example, in 
the one patient requiring 6 doses, the serum PBI was still 8.8 mcg per cent and 
the 24 hour uptake 69 per cent after the fifth dose. Finally, after an additional 
drink of 10 Mc, the PBI dropped to 4.1 mcg per cent and the uptake to 35. 

In two cases, subtotal thyroidectomies were done before the isotope treat- 
ment was completed. On one of these cases (#16) a recurrence of hyperthyroid- 
ism, 6 years after this surgery, was accompanied by the development of a nodule 
which on scintigram was “hot.” Another dose of 10 Mc I'*1 was given, with regres- 
sion of the nodule and the thyrotoxicosis. This patient has just been seen in June 
1963; she is euthyroid with the recurrent nodule still present, 1 cm in diameter. 
She is taking desiccated thyroid, gr. i, with a serum PBI of 7.4 mcg per cent. In 
the other patient (#66) hyperthyroidism persisted after one inadequate dose of 


TABLE [| 


SEX AND AGE OF CHILDREN AND ADOLESCENTS TREATED 
WirTH I-131 ror HYPERTHYROIDISM 


Male Female 
1— 5 years 1— 5 years 
6-10 years 6-10 years 
11-15 years 11-15 years 
16-18 years 16-18 years 


Total Total 


TABLE II 
DATES AND Doses oF I'*! GIvEN FOR HYPERTHYROIDISM 


CONDITION OF THYROID GLAND 
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TABLE III 


AGE AND YEAR OF I! Rx With DaTE or Last EXAMINATION AND PBI VALUE 





Age When Year Date Last ‘ 
R Rx Examined Uptake 





1949 12-1961 
1949 7-1960 
1950 8-1963 
1950 

1954 12-1961 
1950 6-1962 
1950 

1952 5-1961 
1950 11-1961 
1950 7-1963 
1951 2-1961 
1951 7-1963 
1951 6-1962 
1953 

1951 4-1961 
1952 7-1963 
1953 

1952 7-1963 
1952 “ 
1953 

1952 6-1963 
1962 

1952 1-1963 
1952 3-1961 
1952 7-1963 
1952 6-1961 
1953 

1952 1-1959** 
1954 

1952 6-1963 
1953 6—1962 
1953 11-1961 
1953 1—1962 
1952 4—1963 
1953 4—1961 
1953 1-1961 
1954 

1953 7-1963 in lab. 
1953 6-1962 5.2 
1954 6-1963 7.6 
1954 1962 “euthy.” 
1954 12-1961 ee: 
1954 11-1961 fea 
1954 8-1963. 

1954 7-1963 2.8 
1954 2-1962 —— 
1954 9-1962 4.0 
1955 1-1963 6.5 
1956 

1955 2-1963 5.8 
1955 9-1958 BEI 5.8 
1955 4 —— 
1954 2-1961 “Normal” 
1955 

1955 4-1963 ef 
1956 

1955 3-1962 —— 
1955 7-1958 euthryoid 
1955 8—-1962 5.9 
1955 11-1962 2.8 
1955 7-1962 6.9 
1956 7-1963 3.4 
1956 10-1962 _-— 
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TABLE II I—-Continued 





Age When Year Date Last Last 
Rx Rx Examined Uptake 


fy 
& 
~ 





15 1956 5-1961 
1956 7-1960 
1956 12-1962 
1957 8-1960 
1957 2-1962 
1957 7-1963 
1957 7-1962 
1957 3-1962 
1957 7-1962 
1956 3-1961 
1957 
1957 6-1952 
1957 5-1963 
1958 7-1960 
1951 deceased 
1953 deceased 
1957 5-1962 
1958 
1960 
1961 
1958 
1954 
1950 


*Last examination in 1959—direct correspondence with patient (now out of California) 
indicates she is in good health. Reports have been requested from their physicians. 
**Moved out of continental USA. 
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radioiodine. The patient moved to a small city in another state, where unfortu- 
nately, thyroidectomy was attempted. The operation was followed by shock and 
death. With the exception of #16, #66, #39, #3 and #29 there was no mention 
of the development of nodules after I'*! therapy. 

In one patient (#39), 12 years old at the time of treatment, and now 20 
years of age, who had had a goiter three times normal size before the I'*! therapy, 
a nodule appeared in the shrunken gland 2 years and 3 months after the first 
of two I'*! treatments. This was removed, and surgical pathology reported this to 
be a papillary adenocarcinoma of the thyroid with an encapsulated nodule with 
invasion of the surrounding panenchyma. A single lymph gland was negative. 
No recurrence has been recognized in the 5% years which have elapsed since this 
surgery. She is taking desiccated thyroid gr. 3. It is believed that the interval 
between the I'*! therapy, and the discovery of the cancer is so short, that ['* 
is not likely to have been causative. This girl had had chronic hyperthyroidism for 
3 years before the radioiodine therapy. During the two years before final surgery 
she had received repeated periods of treatment with Propylthiouracil or Lugol's 
solution. In addition, this child was recognized to have congenital heart disease 
at 2 years of age. For diagnosis of this condition, she received repeated x-ray 
examination during the 10 years preceding the administration of radioiodine for 
hyperthyroidism. As far as can be determined, she did not have x-ray treatment 
to the head and neck at any time. 

Hypothyroidism, as indicated by a subnormal PBI, occurred sometime after 
therapy in 43 of the children, although many of these were brought to a euthyroid 
state with medication. At the time of their last examinations, the serum PBI de- 
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terminations of 16 of these 43 were still below the normal value: #13 and #14 had 
not been found to be hypothyroid; #36 who had never been below normal de- 
veloped hypothyroidism in 1962—i.e. seven years after the I'*! treatment in 1954. 
We have proof of normal thyroid capacity, however, in only 12 other patients— 
i.e. normal serum PBI values without thyroid medication. 

Forty-eight of the 71 living patients are on some form of thyroid medication. 
It is our practice to give our patients thyroid hormone substitution medication 
shortly after the administration of therapeutic doses of I'*!, while they are still 
thyrotoxic, rather than wait for the development of hypothyroidism which may 
aggravate the orbital pathology. Ultimate dosage is decided by clinical findings 
and the serum PBI. This practice, common in our series, but still only observed 
in half of the cases, may well be of value in the prevention of chronic TSH hyper- 
secretion, which has been shown to be carcinogenic in laboratory animals. Suf- 
ficient daily thyroid hormone medication to produce normal metabolism, contin- 
ued for life in such patients, is indicated. 


TABLE IV 


CHILDREN AND ADOLESCENTS WHO HAVE HAD CHILDREN AFTER I! Rx FOR 
HYPERTHYROIDISM AS OF 1963 


Age Children 

Patient # Sex When Year born post Remarks 

Rx Rx Rx 

13 1949 

15 1950 

14 1950 
1952 

10 1950 

7 1951 

14 1951 
1953 

14 1951 Again pregnant when last seen 

15 1952 Wife again pregnant in 1963 
1953 
1952 
1952 
1962 
1952 
1953 
1953 
1954 
1954 
1954 
1957 
1957 
1954 
1950 
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Table IV lists the 20 patients who have married and had children after ther- 
apy. Included are 2 males (#13 and #38). In the case of #13, his wife who was 
also reported as being hyperthyroid, but who did not receive any radioiodine, had 
several miscarriages after her husband’s treatment; one of these, had the preg- 
nancy been completed, would have resulted in Siamese twins; there is one normal 
healthy child born since her husband received I'*!, and at present she is in the 
first trimester of another pregnancy. After therapy #3 delivered 2 normal healthy 
children, preceded by 2 premature births—one lived for 17 hours, and the other 
for one month. A total of 31 normal children are known to have been born to 
these 20 adolescents included in this study. With the exception of the Siamese 
twins, mentioned above, there have been no abnormalities. Fertility seems to be 
unimpaired! 


TABLE V 


GROWTH OF CHILDREN AND ADOLESCENTS SINCE [}*! TREATMENTS 





Patient Year Age Ht. Pre- Wt. Pre- Post Rx 
Ist Rx at Rx treatment treatment Exam. Age Ht. 








1949 4 3/8” 40 Ibs. 1960 15 5/116” 11514 lbs. 
1952 3/7" 38 1963 16 4/11” 103 
1654 3/11” 441, 1963 14 5/3” 95 
1955 4/34" 58 1962 13 5/4144” 14014 
1950 3/9” 37 1960 17 4/8” 81 
1961 4/5” 631; 1963 10 5/14” 89 
1951 4/6” 64 1963 23 5/614” 135 
1955 9 4/5” 54 1958* 12 4/1144” 95 
1950 10 4/11” 72 1963 23 5/5” 224 
1954 10 4/9” 7514 1960 16 5134” 14714 
1954 11 4/11” 66 1963 20 5/4” 139 
1952 12 4/9” 82 1963 23. 5/4” 105 
1954 12 5/214” 96 1963 21 5/634” 119 
1953. 12 5/3” 99 1963 22 5'44%” 123 
1954 12 4'5” 60 1960 18 5414” 121 
1955 12 5/14” 103 1962 19 S'1%"” 117 
1949 13 5/0” 88 1960 24 5/216” 124 
1952 14 5/5” 117 1963 25 5/7” 13814 
1954. 14 5/7” 115 1963 23 6/214” 205 
1956 14 5/3” 128 1963 21. 5/3” 225 
1957 14 5/3” 98 1963 20 5/4146” = 11014 
1950 15 5/8” 122 1963. 28 5/10” 142 
1952. 15 norec. 137 1963 26 5/11” 160 
1952 16 5/3” 116 1963 27 5/5” 149 
1955 16 5'534” 119 1962 23 5/6” 133 
1954 16 6/0” 160 1963 25 6/0” 199 
1955 16 5/9” 139 1963 24 5/9” 185 
1955 16 4/2” 5114 1962 23 6/334” 127 


*No recent contact. 
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terminations of 16 of these 43 were still below the normal value: #13 and #14 had 
not been found to be hypothyroid; #36 who had never been below normal de- 
veloped hypothyroidism in 1962—i.e. seven years after the I'*! treatment in 1954. 
We have proof of normal thyroid capacity, however, in only 12 other patients— 
i.e. normal serum PBI values without thyroid medication. 

Forty-eight of the 71 living patients are on some form of thyroid medication. 
It is our practice to give our patients thyroid hormone substitution medication 
shortly after the administration of therapeutic doses of I'*!, while they are still 
thyrotoxic, rather than wait for the development of hypothyroidism which may 
aggravate the orbital pathology. Ultimate dosage is decided by clinical findings 
and the serum PBI. This practice, common in our series, but still only observed 
in half of the cases, may well be of value in the prevention of chronic TSH hyper- 
secretion, which has been shown to be carcinogenic in laboratory animals. Suf- 
ficient daily thyroid hormone medication to produce normal metabolism, contin- 
ued for life in such patients, is indicated. 


TABLE IV 
CHILDREN AND ADOLESCENTS WHO HAVE HAD CHILDREN AFTER |! Rx FoR 
HYPERTHYROIDISM AS OF 1963 


Age Children 
Patient # Sex When Year born post Remarks 
Rx Rx Rx 


13 1949 
15 1950 
14 1950 
1952 

10 1950 
7 1951 

14 1951 
1953 

14 1951 Again pregnant when last seen 
15 1952 Wife again pregnant in 1963 
1953 

14 1952 
12 1952 
1962 

15 1952 
18 1953 
12 1953 
16 1954 
12 1954 
16 1954 
17 1957 
16 1957 
11 1954 
18 1950 
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Table IV lists the 20 patients who have married and had children after ther- 
apy. Included are 2 males (#13 and #38). In the case of #13, his wife who was 
also reported as being hyperthyroid, but who did not receive any radioiodine, had 
several miscarriages after her husband’s treatment; one of these, had the preg- 
nancy been completed, would have resulted in Siamese twins; there is one normal 
healthy child born since her husband received I'*!, and at present she is in the 
first trimester of another pregnancy. After therapy #3 delivered 2 normal healthy 
children, preceded by 2 premature births—one lived for 17 hours, and the other 
for one month. A total of 31 normal children are known to have been born to 
these 20 adolescents included in this study. With the exception of the Siamese 
twins, mentioned above, there have been no abnormalities. Fertility seems to be 
unimpaired! 

TABLE V 


GROWTH OF CHILDREN AND ADOLESCENTS SINCE [!3! TREATMENTS 


Patient Year Age Ht. Pre- Wt. Pre- Post Rx 
Ist Rx at Rx treatment treatment Ht. 








1949 4 3’8” 40 lbs. 5/1144” 11514 lbs. 
1952 Ef iad 38 4°tt” 103 
1954 Fts* 441¢ 3" 95 
1955 4/34” 58 3 5/4144" = 140{ 
1950 3’9” 37 4/8” 81 
1961 4’5” 6314 5/4” 89 
1951 4/6” 64 564” 135 
1955 9 4/5” 54 4/1114” 95 
1950 10 4’11” 72 55° 224 
1954 10 4/9” Sly 5/134” 14714 
1954 11 4’11” 66 S42 139 
1952 12 4’9” 82 54" 105 
1954 12 5/214” 96 5/634” 119 
1953 12 5’3” 99 5/414” 123 
1954 12 ot a 60 5/414” 121 
1955 Le 5/14” 5/114” 117 
1949 13 5’0” 88 5/214” 124 
1952 14 So" ey 13814 
1954 14 5/7” 6214" 205 
1956 §614 Le ad Fr 225 
1957 14. 5’3” 54146" 11014 
1950. 15 5°38” 5/110” 142 
1952. 15  norec. S11" 160 
1952 16 Le Lo ag 149 
1955 16 5'534” 5/6” 133 
1954 16 6’0” 6’0” 199 
1955 16 So" 5/9” 185 
1935 «6160C~Cié‘'”*” Vy 6/334” 127 


*No recent contact. 
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The condition of the thyroid glands on physical examination in the years 
following the isotope treatment is reported as “normal,” “not remarkable,” “im- 
palpable” or “results good.” No compensatory hypertrophy developed in spite of 
the high incidence of hypothyroidism reported above. 

In two-thirds of this series (51 patients), slight to moderate exophthalmos 
was present before the administration of the isotope. After therapy, 28 of these 
showed improvement; in no case has progressive proptosis or malignant exoph- 
thalmos developed. 

Growth and development of the children has been remarkably good in view 
of the uncertain maintenance of adequate thyroxine administration in some pa- 
tients. As shown in Table V, for example 27 children treated with I'*! and thyroid 
hormone medication have grown to normal height, and reached normal body 
weight. 

There were no deaths attributable to the I'*! treatment of hyperthyroidism; 
nor is there any evidence of parathyroid deficiency, laryngeal cord paralysis or 
blood dyscrasia; and there is no case of thyroid cancer attributable to this inter- 
nal radiation therapy. 


DISCUSSION 


Winship and Rosvoll (1) collected 562 cases of childhood cancer from all 
parts of the world. They found that approximately 80 per cent of the patients 
questioned received external x-ray irradiation during infancy or childhood for an 
enlarged thymus, hypertrophied tonsils or adenoids. Since the histology and 
growth rate of the thyroid gland tissue and the distribution and physical form 
of the radiation, and the associated lymphoid disease are so different from the con- 
ditions of therapy in the I'*! treatment of hyperthyroidism, it is our opinion that 
this experience is not applicable. 

Sheline, Lindsay, McCormack and Galante (2) reported a study of 256 pa- 
tients treated with radioiodine between 1946 and 1953, who were reexamined be- 
tween January 1959 and April 1961. In this group, were 18 patients who were 20 
years or younger. In 8 of these, on physical examination 5 to 14 years after 
therapy, one or more nodules were found. Total or subtotal thyroidectomies were 
performed; the histopathology of 1 case is thought to represent early carcinoma. 
In none of the above 8 persons had hypothyroidism been recognized, and none 
had received exogenous thyroid hormone prior to the discovery of the nodules. 
Sheline’s data also suggest that thyroid nodules are more apt to develop in the 
younger patient. Perhaps the low incidence of post-therapy nodules in our series 
is due to our more frequent use of thyroid medication to maintain euthyrodism. 

The effects of surgical subtotal thyroidectomy are well known, and have 
been presented in many reports. A typical conclusion is that of the late Dwight 
Clark (3) a most experienced and successful surgeon and student of thyroidology: 
“The mortality should be less than 0.5 of 1 per cent, and complications less than 
1 per cent.” An excellent review by Kurt Iverson of Copenhagen (4) however, 
including statistics of Cattell of Boston, tabulates 4 surgical cases covering 1580 
thyroidectomized patients (of all ages) as follows: mortality 2.2 per cent; para- 
thyroid tetany 1.8 per cent; laryngeal paralysis 3.9 per cent. 
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It is our feeling that the simplicity and success to date of I'*! therapy, the 
absence of mortality and/or morbidity, would seem to make this the treatment 
of choice, particularly for the younger patients. 

This is a preliminary report. It is conceivable that malignant changes in the 
thyroids of these young people may appear in the next decade. The present con- 
dition of all such groups of patients should be published now, with follow-up 
records to be presented in the future. 


SUMMARY 


Seventy-three children and adolescents ranging in age from 28 months to 18 
years were treated with radioiodine for hyperthyroidism. 

Hypothyroidism is known to have developed some time after therapy in 43 
of the 71 living cases, and only 12 others maintained normal thyroid capacity 
without exogenous thyroid hormone. 

A nodule was found after therapy in five cases; one girl, on whom a subtotal 
thyroidectomy was performed before the first isotope therapy was completed, was 
found to have a “hot” nodule seven and one half years post-surgery; a second dose 
of 10 McI'*! was given, with regression of the nodule and thyrotoxicosis. A nod- 
ule, in case #39, remaining after shrinkage of a large gland by I'*! treatment was 
diagnosed at the time of surgery 2 years and 3 months after isotope administration 
as papillary adenocarcinoma. It has not recurred in the 5% years since this sur- 
gery. 

Neither of the two deaths which occurred in less than one year after treat- 
ment is attributable to the I'*' therapy. Three children were subjected to sub- 
total thyroidectomy after incomplete I'*! treatment; one of these died of sur- 
gical shock. 

Hyperthyroidism was controlled in all the cases adequately treated, even 
though repeated administration was required in some cases. 

The growth and development of these patients, particularly those less than 
11 years of age, has been normal. 

A total of 31 healthy normal children have been born to 20 of the adolescents 
reported in this series. No abnormal children have been produced, although one 
pregnancy (of the wife of one of our patients) if completed, would have resulted 
in Siamese twins. 

There were no deaths attributable to the I'*! treatment of hyperthyroidism; 
nor is there any evidence of parathyroid gland deficiency, laryngeal cord paraly- 
sis, or blood dyscrasia, and there is no case, including the malignant nodule found 
in case #39, of thyroid cancer that is attributable to this internal radiation therapy. 
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Diagnosis of Pancreatic Disease by Photoscanning’”” 


Thomas P. Haynie, M.D.,* Albert C. Svoboda, M.D..,° 
and George D. Zuidema, M.D.° 


Ann Arbor, Michigan 


INTRODUCTION 


Blau and Manske substituted radioactive selenium-75 for sulfur in methionine 
and demonstrated that about 6 per cent of a dose of this compound could be 
demonstrated in the pancreas two hours after administration. The concentration 
of Se® selenomethionine under these conditions was 8 or 9 times that found 
in the liver (1). Recently Blau, Manske and Bender reported in an abstract (2) 
that they had developed a method of administration of this compound to humans 
that insured maximum concentration in the human pancreas satisfactory for 
scintillation scanning. We wish to report the application of this technique to 
humans with suspected pancreatic disease. 


MATERIALS AND METHODS 


Selection of Patients: Patients with diagnosed malignancy or those suspected 
of having pancreatic disease were referred to the Nuclear Medicine Unit 
for pancreas scan. Fifty-eight patients were studied. Thirty-seven of these pa- 
tients had technically adequate scans and evidence allowing a firm diagnosis. 
Only this latter group has been subjected to analysis. 

Performance of Scans: Scintiscans were performed using the technique of Blau, 
et al (2). Patients were prepared for testing by giving two glasses of milk 
and then nothing by mouth until the testing was completed. Two hours after 
the milk, 100 units of pancreozymin’ in 20 ml of saline was administered intra- 
venously over 3 to 4 minutes. Se*> selenomethionine® in a dose of 3 ue per kilo- 
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gram of body weight to a limit of 200 pc was given intravenously one hour 
after the pancreozymin. Thirty minutes following the injection, the patient was 
placed in a supine position under the photoscanner,' count rates were determined 
over the liver and the photoscanning device was set appropriately. The area 
from the top of the liver activity to the umbilicus was scanned. A delayed ac- 
tion scan was performed three hours later. 


RESULTS 
Illustrative Cases 


Normal Pancreas: A liver scan with Colloidal Gold-198 is compared to a pan- 
creas scan with Se‘ selenomethionine in Figure 1A & 1B. 

This patient had no pancreatic disease and the scans demonstrate a normal 

liver and good visualization of the head and body of the pancreas. 
Pancreatic neoplasms: Figure 2A illustrates a pancreas scan interpreted as normal 
in a patient with a small (2 cm) islet cell carcinoma. The islet cell carcinoma 
was present on the medial border of the head of the pancreas and in retrospect 
there may be an indentation in this area. 

Figure 2B contrasts this appearance with a markedly abnormal pancreas 
scan in a patient with an extensive pancreatic carcinoma. The absence of uptake 
of radioactivity in the patient with extensive pancreatic carcinoma is a fairly 
typical finding in large lesions and is probably due to the associated pancreatitis 
that occurs in this condition. 

Pancreatitis: The pancreas scan of a patient with chronic pancreatitis is seen 
in Figure 3A. This patient’s scan demonstrates the typical absence of uptake in 
the pancreas most often observed in this condition. Figure 3B also illustrates de- 


*Picker Magnascanner, Picker X-Ray Corporation, White Plains, New York. 


Fig. la 
Figure 1. Normal Patients. 


A. Liver scan performed with Colloidal gold-198 in a patient with a normal liver 
and pancreas. 


B. Normal Se® selenomethionine pancreas scan in the same patient outlining the 
liver and the pancreas which are clearly separated by a clear zone. 
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TABLE | 


CLINICAL CORRELATION OF PANCREAS SCANS 


Diagnosis Normal Abnormal Equivocal 
9 


Normal Pancreas 12 1 2 
Pancreatic Neoplasm 1 ¥ 
Pancreatitis l 8 2, 


creased concentration of radioactivity in the pancreatic area with a large “cold” 
area in the region of the head of the pancreas. At operation, this patient had 
a large 18 cm pseudocyst of the pancreas and chronic pancreatitis. 

Clinical Correlation: For purposes of determination of the accuracy of the 
test in correlation with the clinical diagnosis, the patients were roughly di- 
vided into three categories: normal pancreas, pancreatitis and pancreatic or 
peripancreatic neoplasm. The results of this analysis are seen in Table I. 

A normal pancreas was found at exploratory celiotomy in fifteen patients. The 
pancreas scans were interpreted as normal in twelve of the fifteen and a patchy 
decrease in uptake was noted in two patients. In one instance, interpretation 
of the photoscan was not possible because of hepatomegaly. 

Pancreatic or peripancreatic neoplasms were diagnosed in eleven patients. 
Exploratory celiotomy was carried out in seven of these with histologic con- 
firmation of the diagnosis in six. Four patients with a highly probable clinical 
diagnosis of pancreatic carcinoma were not explored due to their poor condi- 
tion and expired after leaving the hospital without postmortem examination. 
Eight of these eleven patients had pancreatic carcinoma. Pancreas scan was 





Fig. 2a 
Figure 2: Pancreatic Neoplasms. 


A. Pancreas scan interpreted as normal in a patient that proved to have a 2 x 2 
cm islet cell carcinoma along the medial border of the uncinate process. In 
retrospect an indentation is faintly discernable in this area. 


B. Absence of concentration of Se® selenomethionine in the region of the pan- 
creas in a patient with an extensive pancreatic carcinoma. Note the prominant 
notch between the right and left lobe. This may have been due to the large 
mass of tumor producing separation of the two lobes. 
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abnormal in seven of these patients and an equivocal defect was seen in the 
eighth patient. Two patients had carcinoma of the ampulla of vater. The scans 
in both patients were felt to show equivocal decrease in uptake. In one patient 
with an islet cell carcinoma, the scan was felt to be normal. 

The diagnosis of chronic pancreatitis was made in eleven patients. Explora- 
tion was carried out in nine of these cases with biopsy of the pancreas in eight 
of them. The remaining two patients had typical pain, pancreatic calcification and 
measured steatorrhea. In eight patients decreased or absent concentration of se- 
lenomethionine was found. One patient had a normal scan and in two cases the 
scans were equivocal because of an enlarged liver. Pseudocysts appeared as 
“cold” areas in four of these patient. 


DISCUSSION 


As a result of this experience we feel that photoscans of the pancreas per- 
formed with Se*® selenomethionine are a useful addition to the available diag- 
nostic procedures for pancreatic disease. However, certain limitations have been 
encountered in this series of patients which are expected to limit the diagnostic 
accuracy of the procedure in the diagnosis of pancreatic neoplasms. For exam- 
ple, it is expected that normal variations in the size and shape of the pancreas 
and in the concentration of radioactivity will probably mean that small lesions 
or lesions located at the very periphery of the organ will be missed. Also the 
concentration of radioactivity in the liver may obscure the pancreas outline if 
there is enlargement or downward displacement of the liver. In addition, the 
long physical half-life of Se should provoke caution in terms of radiation ex- 


Figure 3: Pancreatitis. 


A. Typical loss of Se® selenomethionine concentration in the pancreatic area in a 
patient with chronic pancreatitis. Note the increased activity in the left upper 
quadrant which is thought to be in the intestinal tract. 


B. The large “cold” area in the right upper quadrant proved to be an 18 cm pan- 
creatic pseudocyst in a patient with chronic pancreatitis. Again note activity 
in the intestinal tract. There often is increased activity in the intestine when 
pancreatic uptake is poor. 
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posure to the patients. The total body radiation dose to the patient has been esti- 
mated to be about 0.6 rad (4). 

In spite of these limitations we find the pancreas photoscan with Se* selen- 
omethionine a useful adjunct in the evaluation of patients with diseases of the 
pancreas and biliary tree, and in excluding pancreatic involvement in patients 
with metastatic neoplasm (3). The test has been helpful in detecting abnormality 
in patients with pancreatitis and may find its greatest clinical usefulness in this 
condition. 

It is hoped that refinement in this technique or development of other pan- 
creatic localizing agents will permit a more precise evaluation of this organ. In 
the meantime this technique offers a simple method of visualizing the pancreas 
without an operative procedure. 


SUMMARY AND CONCLUSION 


The results of pancreas photoscans performed with Se” selenomethionine in 
37 patients have been reviewed in an attempt to establish the reliability and 
usefulness of the test in the diagnosis of pancreatic disease. The pancreas was 
well visualized in 12 out of 15 normal patients. In eight of eleven patients with 
pancreatitis and in seven of eleven patients with pancreatic or peripancreatic 
carcinoma, abnormalities consisting of diffuse decrease in concentration or local 
reduction in uptake were observed. The procedure proved useful in evaluating 
patients suspected of having pancreatic carcinoma and in the diagnosis of pan- 
creatitis. It was also useful in excluding pancreatic abnormality in patients with 
metastatic neoplasm, although it seems likely that small lesions that are pe- 
ripherally placed could be missed by this technique. 

Certain difficulties with interpretation, brought about by variations in the 
normal size, shape and concentrating ability of the pancreas and interference 
from radioactivity in the liver were encountered and are expected to limit the 
diagnostic accuracy of the procedure. In spite of its limitations at the present 
time, the technique offers a simple method for visualizing the pancreas without 
an operation and deserves further application. 
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Theory of the Performance Characteristics of Radio- 
Isotope Distribution Imaging Systems’” 


B. Cassen, Ph.D. 


Los Angeles 


The current intense revival of interest in the clinical and biological determi- 
nation of spatial distributions of gamma emitting isotopes and especially in 
imaging these distributions, despite the crude results commonly obtained, is 
reflected in the fact that approximately one quarter of the 100 or so papers read 
at the 1963 Montreal meeting of the Society of Nuclear Medicine deal explicitly 
with scanning or other imaging techniques. Most imaging of radioisotope dis- 
tributions is now done with mechanical scanners. Some developments have been 
undertaken principally by Anger (1) to eliminate the mechanical scanning mo- 
tions by simultaneously observing the whole field of view. This ingenious prin- 
ciple has advantages and, in its present form, some severe disadvantages as will 
be analyzed below. In all currently available imaging systems, limited to conven- 
tional administered doses of usually used radioisotopes, the images obtained are 
really very crude. They give some useful information in thyroid scanning and 
even more marginally in brain tumor, liver, spleen, kidney, pancreas and other 
partially explored applications. An appreciable increase in overall performance 
might easily considerably increase the diagnostic value of these procedures. In 
the following an attempt is made to evaluate an imaging device and an imaging 
procedure in a quantitative manner so that the factors leading to improvement 
can be recognized and existing devices and procedures can be compared with 
each other as to relative merit. 

The present discussion is mostly limited to the use of the usual gamma 
emitting isotopes and there is only casual discussion of the use of annihilation 
radiation from positron emitters. 

The following symbols will be used: 

D - dose density, microcuries per cm* 

V_ -effective resolution volume, cm* 

K -count rate per unit volume per unit dose density per unit solid 
angle (counts per sec per microcurie per steradian ) 

W - effective solid angle subtended by detectors to resolution volume, 
steradians 


*From the Laboratory of Nuclear Medicine and Radiation Biology of the Department of 
Biophysics and Nuclear Medicine, School of Medicine, University of California at Los Angeles. 

*These studies were supported by Contract AT(04-1)GEN-12 between the Atomic Energy 
Commission and the University of California. 
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F -number of resolution elements in field of view 
- number of resolution elements simultaneously detected 
T - time taken to scan or build up image 
N - total net counts per source resolution element during the time of 
scan or build-up 
- total background counts during this time 
+ - Standard deviation of N 
m - figure of merit of system and procedure 

The effective resolution volume is in many cases hard to a priori precisely 
define. However, for practical purposes it can always be semiempirically deter- 
mined for a specific radioisotope experimentally as follows: 

Two equal effective point sources of the radioisotope of interest that give 
individually counting rates high enough to overwhelm any background counts 
present are imaged or scanned in air when the sources are in a given plane (or 
surface ) of interest and separated by various preselected distances. The minimum 
distance apart where the image or scan just shows the presence of two separately 
resolvable sources is the radius r of an arbitrarily defined spherical resolution 


4 3 
Volume V = -ar , even though the experimentally observed resolution of the 
3 


5 


os 


- 


sources placed in a parallel plane a distance of several or many times r away 
is usually not very different. Perhaps, a more satisfactory definition of V could 
be evolved but the above is at least based on a well-defined procedure. In an 
appendix an easy way of preparing point sources is described. 
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Of fundamental interest is K, the count rate per unit volume per unit dose 
density per unit solid angle. To measure K for a given isotope one of the point 
sources can be used if it is calibrated in microcuries. The point source can be con- 
sidered to be at the center of a resolution volume. Somewhat more accurately a 
layer of solution of known concentration and thickness 2r could be used, as the 
sensitivity to the point source will vary as it is placed in different parts of the 
resolution volume. However, to make the procedure as simple as possible we will 
arbitrarily use the point source, although this will make K a little too high in some 
situations. The solid angle accepted by the detector to the resolution volume is a 
geometrically determinable factor from the design of the imaging device. It is 
small for a pinhole or single collimator and can become larger for a converging 
collimator. In the latter it is important not to count the solid angle subtended by 
the septa of the collimator. 

If we know or measure V, K and W, the net count rate from a resolution 
volume = K*WeVeD. K*W is the count rate per unit volume per unit dose 
density and V*D is the number of microcuries in the resolution volume. If the 
point source is counted, then according to our approximation the effective dose 
density D during the measurement is microcuries of source / V, so that the 
experimentally measured count rate = K*W source microcuries, or K*W is 
directly measurable as count rate divided by source microcuries without know- 
ing W separately. We will not combine K*W to a single factor in order that we 
can see how changing W can affect performance. 

During a scan or image build-up taking a total time T to complete, the time 
allotted to accumulating counts from a given resolution volume is T / (F/n) = 
Tn/F. F is the total number of resolution elements in the whole field of view. 
n is the number of resolution elements measured simultaneously. For example, 
for ordinary scanning n = 1, a double scanning head with two separate channels 
would have n = 2. In the extreme, if the whole field of view is detected simul- 
taneously as in the Anger camera, n = F and F/n = 1. 

Thereby, the total net counts per resolution element during the complete 
time T of the imaging process is 


N=K-W-V-D:-T-n/F 
Usually, at least in clinical medicine, N is small enough that its standard 

deviation, arising from Poisson counting statistics, is an appreciable fraction of 
N. This situation is frequently aggravated by a relatively large background count 
B caused by activity away from the resolution volume. As o? N=o7(N + B)+07B 
= N + 2B it follows that 

N? 

oe N / (1 + 2B/N) = N/ (1 + 2R) 
where R is the signal to background ratio N/B. Then, a figure of merit can be 
defined 


N K-W-V-D-T-n 
n=" = 





o? F- (1 + 2/R) 
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The quality of the image will improve when m increases. When D varies with 
position, the ability to recognize features of this distribution is contributed to 
by the images of many neighboring resolution elements. The value of m required 
for adeqaute recognition of the distribution pattern thereby depends on what 
sort of information is desired and what might be expected. After m reaches a 
certain value in critical parts of the image nothing is gained by increasing m 
further. In many cases recognition is possible with N/o as low as two, or m = 4. 
Much better results are obtainable with m about 10 and very little is gained in 
most cases by going much higher. 
D°T 

The factor K*°W*V°n/F of m is instrumental, the remaining factor (1+2/R) 
arises from procedure. D and T are usually limited by biological or patient consid- 
erations. F is sometimes partially adjustable. F must be large enough to cover the 
field of view of interest with a sufficiently small V to resolve structure of interest, 
R is partially controllable by proper shielding, although in many cases a part of 
it comes from activity above or below the resolution plane of interest or from an 
appreciable penumbra zone of the collimating channels. 

In designing an optimum imaging device for a specific application, V and 
F are fairly well predetermined by the resolution required and the size of the 


Fig. 2 Appearance of hydraulically driven, 2000 hole collimator scanner during a phase of 
its construction. The top surface upon which the patient lies is removed. The patient 
is scanned from below. 
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field of view required. To make the instrumental contribution to m as large as 
possible it is necessary to attempt to maximize K*W*n. With a well designed so- 
dium iodide scintillation detector in which the crystal absorbs most of the inci- 
dent gamma quanta emitted by the radioisotope used, K can not be radically im- 
proved. In the extreme of simple one channel scanning with a converging collima- 
tor n = 1 and improvement in m can only be made by increasing W. In the other 
extreme, the Anger camera, n is large and effectively equal to F. Unfortunately, 
W is small either with a pinhole camera or a grid camera, and for many radioiso- 
topes K is small, as a thin crystal has been used and many quanta go through it 
without being absorbed to produce scintillations. Bender has improved K by 
using a mosaic of thicker crystals and using the Anger scintillation coordinate 
determining system. For a large field of view with good resolution, this system 
would require a rather large number of mosaic elements. 


There are many as yet untried intermediate design possibilities between 
the extremes n = 1, W as large as possible and n = F, W small. Mechanically 
scanning a field, especially a large field, with n detectors simultaneously would 
increase the figure of merit in proportion to n. The arrangement of n detectors 
with n up to 10 is not too difficult if W the solid angle subtended by each detector 
is small enough. If W is larger, the size of the single detector becomes large 
enough so that there is no room for placing several detectors without interfering 
with each other. For coincidence positron annhilation detection no bulky shield- 
ing is required for collimation so that in this case there would be room for more 
simultaneously scanning channels. Also, in this case, the extra space could alterna- 
tively be used to increase the solid angle of acceptance of annihilation coinci- 
dences. As, at the present time, there are many more non-positron emitting 
radioisotopes of clinical interest in imaging than positron emitters, we will limit 
our discussions to the former, without any implication that there are not interest- 
ing and useful developments in positron cameras. 


Of equal weight to the solid angle W and the number n of resolution ele- 
ments simultaneously detected as the dose density D or its product K*D with 
the sensitivity factor. The dose density can be limited by the specific activity 
of the administered dose but is more frequently limited on patients by a rather 
ill-defined consideration of maximum allowable patient radiation dose. Whatever 
these criteria might be, a non-nuclear beta emmitting isotope, if available, will 
frequently enable obtaining a large increase in K*D, e.g., substitution of Hg!” 
for Hg?°*, Also, if there is a choice of an equally useful radioisotope of much 
shorter half life than the biological half-life, a much larger administered dose 
can be given for suitably estimated total patient radiation dose. The potentialities 
of increasing the figure of merit, or taking advantage by decreasing T or V or in- 
creasing F and/or N/B, by the use of large doses of short lived isotopes are very 
considerable. However, being close to a reactor or accelerator or having suitable 
“cows” to milk off short lived isotopes introduces many practical complications, 
not the least of which is the rapid chemical processing, sterilization and elimina- 
tion of pyrogenicity hazards. 


Figure 1 diagrammatically illustrates basic types of imaging systems as de- 
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pendent on W and n. The approximate optical analogy of lens speed and field of 
view is indicated. 

We are now exploring what can be accomplished in improving the figure of 
merit of a simple scanner by greatly increasing W as diagrammatically indicated 
in Figure 1 as a wide angle converging collimator. A full description will be 
given after a clinical testing program has been pursued. The collimator has 2200 
holes, subtends a solid angle at the focus of a little less than pi, of which a little 
more than half is subtended by the collimating channels. The detector consists 
of about 50 Ibs. of irregular pieces of activated sodium iodide immersed in chlori- 
nated diphenyl liquid. The crystals are looked at by seven two-inch photomulti- 
plier tubes. The collimator bow] is hydraulically scanned under the patient. Fig- 
ure 2 shows the essential appearance of this scanner during a phase of its 
construction. 


SIMPLE METHOD OF PREPARING POINT SOURCES 


With a paper punch, making a round hole about 1.5 mm diameter, punch out 
disk of blotting paper. Place disks in a counting planchet. Drop solution of iso- 
tope (approximately twice activity desired in finished source) on disks slowly 
until saturated. If part of sample remains, dry disks under an infrared lamp and 
repeat until all of sample is absorbed. Dry disks completely. 

Apply small amount of Duco cement to end of small wooden rod (such as 
Q-tip), pick up 1 disk of blotting paper, let cement dry, repeating until all disks 
are cemented to end of stick and dried. Coat end of stick with several coats of 


spray lacquer. Dry thoroughly. 

Count completed point source. Then count planchet, container and anything 
used to apply cement. Obtain activity in point source from original amount used 
and percentage in point source. Or calibrate point source directly. 

If source is too high, part of it can be sliced off with sharp razor blade. Then 
re-lacquer and recalibrate. 


REFERENCE 


1. AnceEr, Hat O.: Scintillation Camera, Rev. Sci. Inst. 29:27, 1958. 
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Measurement of Pericardial Fluid Correlated with the 
I-Cholografin® and IHSA Heart Scan” 


David M. Sklaroff, M.D., N. David Charkes, M.D., 
and Dryden Morse, M.D. 


Philadelphia 


INTRODUCTION 


Since its introduction in 1958 by Rejali, MacIntyre and Friedell (1), the 
radioisotope heart scan has become established as a safe, simple, and useful 
technique for the diagnosis of pericardial effusion (2,3,4,8). Nevertheless, few 
studies have been reported concerning quantitative aspects of the method. Early 
in 1961, the Radioisotope Laboratory of the Albert Einstein Medical Center, 
Northern Division, instituted a program in conjunction with the Division of 
Cardiac Surgery designed to evaluate the cardiac photoscan in patients under- 
going open-heart surgery. It was proposed that a preoperative heart scan be per- 
formed and the pericardial contents aspirated and measured in all such patients, 
and that criteria for heart scanning be established from these figures. 


To date, 23 operated patients have been so studied. In addition, data was 
available from post-mortem examination in six other patients, and five patients 
with pericardial effusion underwent diagnostic pericardiocentesis. An aditional 
three patients had massive pericardial effusions but were not tapped; these pa- 
tients are also included in the series. Twenty-five other patients with cardiac dis- 
ease, some with pericarditis, are not included in this study because pericardiocen- 
tesis was not performed. 


*Presented at the 10th Annual Meeting, Society of Nuclear Medicine, Montreal, Canada, 
June 26-29, 1963. 


*From the Departments of Radiology (Radiation Therapy and Nuclear Medicine) and 
Thoracic Surgery, Albert Einstein Medical Center, Northern Division, Philadelphia, Pennsyl- 
vania, 
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From the data obtained from these 37 patients certain standards have been 
established. It appears that the photoscanning technique can be used to detect 
pericardial effusions of 300 cc or greater, and in individuals with small or normal 
hearts, of 200 cc. 


METHOD 


At first, iodinated human serum albumin-I'*! ([HSA) in doses of 4-6 pe/kg 
was employed as the scanning agent, as in the original investigations of Rejali 
et al (1). However, since April, 1961, we have employed I'*!-Cholografin® and 
at present it is used exclusively. Twenty-three of the patients in this series were 
scanned with I'*!-Cholografin and fourteen with IHSA. 

I'5!_Cholografin is extracted from the blood by the polygonal cells of the 
liver and is then excreted into the biliary tree. The rate of extraction is such that 
50 per cent of the initial blood concentration disappears within 4.8 hours! (5). 
The scan is begun 15 minutes after injection at the sternal notch and proceeds 
caudally, so that by the time the liver is reached (40-60 minutes) about 10-15 
per cent of the Cholografin has been removed from the blood. Satisfactory scans 
have been obtained with doses of I'*!-Cholografin of 3-7 wc/kg and scan speeds 
of 16-18 cm/min. Non-radioactive iodine in the form of Organidin® is adminis- 


tered by mouth several hours prior to scanning to block the thyroid uptake of 
]31, 


If 0.25 mg. Cholografin is injected. 


Fig. la (left): Photoscan of cardiac blood pool of 53 year old white male with mitral 
stenosis, superimposed on 6-foot, AP, recumbent, split film. 32 cc of pericardial 
fluid was aspirated at open-heart surgery. Note activity in aorta, pulmonary 
great vessels, lung fields, and liver. Difference between maximum transverse 
cardiac diameter of scan and x-ray images is 0.5 cm, ratio 0.97. I'"-Cholo- 
grafin, 300 yc. 


Fig. lb (right): Cardioscan of 30 year old white female with acute benign pericarditis and 
massive effusion. Diameter difference 7.0 cm, ratio 0.63. Note separation of 


cardiac blood pool from pulmonary vasculature and liver. I'-Cholografin, 
300 yc. 
pe 
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The instrument used for this study was the Picker Magnascanner (6), which 
is equipped with a 3 xX 2 inch NaI(TA) crystal and pulse-height analyzer. The 
maximum count rate varied somewhat with the dose, blood volume, cardiac size 
and geometry (4), but was approximately between 6 and 15 cpm/yc (1800-6000 
cpm). The count range differential was usually set at 40 to 60 per cent, with 
background determined over the lung fields. Low count range differential settings 
were avoided since they tend to produce a smaller image. 


The scan was displayed both on Teledeltos paper and on clear x-ray film, 
but only the latter was used for diagnostic purposes (photoscan). Localizing 
marks were made in the midclavicular lines at approximately the 4th intercostal 
space and recorded on the photoscan. Lead shots were then placed on the skin 
marks and two successive exposures made of the chest at a 6-foot distance in the 
AP projection, the central ray passing through the lead markers alternately. Such 
split films have been shown to produce minimal distortion of the cardiac image 

2), 

The photoscan was then accurately superimposed on the roentgenogram and 
the maximum transverse cardiac diameters measured. Comparison of these para- 
meters proved to be the best criterion of pericardial effusion. 


TABLE | 


CORRELATION OF CARDIAC PHOTOSCAN WITH VOLUME OF PERICARDIAL FLUID 


Ratio of 
Number Mean Maximum Transverse Difference Diameters 
Pericardial Fluid* of Cardiac Diameter, cm Between ( 5 ) 





Patients - Diameters, cm 
Scan (S) X-Ray (X) (X-S) 


xX 


15.4 175 2.1 85 
100 cc or less 24 (10.5-21.5)**  (12.0-23.6) (0.5-3.5)  (.80-.96) 


200 to 300 cc 
Br—200 cc : : 4.0 
Hi—200 cc 4, 3 5.3 73 
Gr—300 cc i : 3.0 Clb 


More than 300cc 10 12.9 18.7 5.8 .69 
(10.3-15.6) (13.0-22.0) (4.5-8.7) (.60-.79) 





*Measured by aspiration of pericardial contents at open-heart surgery in 23 patients, at 
autopsy in 6, and by pericardiocentesis in 5. In 3 patients pericardial effusion was massive but 
was not measured. 

*xRange. 
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RESULTS 


Of the 37 patients, 13 had pericardial effusions of 200 cc or more. The other 
24 patients all had severe cardiac disability, with hypertrophy and/or dilatation 
of one or more chambers. These latter patients, with effusions of 100 cc or less, 
were compared with the group of 13. 


Figure la demonstrates an I'*!-Cholografin photoscan superimposed on a 
split, 6-foot, AP, recumbent chest film of a patient with mitral stenosis. Thirty- 
two cc of pericardial fluid was found at operation. The blood pools of the heart, 
aorta, pulmonary great vessels and lung fields are well visualized, and the liver 
has also been outlined. The cardiac blood pool almost, but not quite completely, 
fills out the cardiac silhouette on roentgenogram. 


In the 24 patients with cardiac hypertrophy and/or dilatation with 100 cc 
or less of pericardial fluid, the mean difference between the maximum transverse 
cardiac diameters on scan and x-ray was 2.1 cm and was always less than 3.5 cm. 
The ratio of the two diameters was always greater than .80 (mean .85). 


There were 13 patients with pericardial effusions of 200 cc or greater and 
in 11 of these, the difference between the maximum transverse cardiac diameters 
of scan and x-ray was greater than 4.5 cm. The ratio of the diameters in every 
case was less than .80 (mean .69). 


The causes of the pericardial effusions of these 13 patients were: acute myo- 
cardial infarction (1 patient), active rheumatic carditis (2), carcinomatous peri- 
carditis (1), acute benign pericarditis (6), and pericardial effusion of unknown 
etiology (1). 


With marked pericardial effusion (Fig. 1b) a non-radioctive zone visibly sur- 
rounds the cardiac blood pool, and separation from the pulmonary vasculature 
and from the liver can be demonstrated. These changes are more obvious when 
the scan is seen without superimposition on x-ray (Fig. 2). 


Three patients were found to have effusions of between 200 and 300 cc, 


Fig. 2.: Same as Figure 1 except that scans are not superimposed on roentgenograms. Note 
that in pericardial effusion (right) the cardiac blood pool is separated from the liver 
and pulmonary vasculature, 
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and in two of these three patients the diagnostic criteria for pericardial effusion 
were not completely satisfied (Table I). The first of these patients had moderate 
cardiomegaly (transverse cardiac scan diameter 15.0 cm) and was found to have 
200 cc of fluid in the pericardial cavity at the time of open-heart surgery for 
mitral stenosis (Fig. 3). The difference between the maximum transverse cardiac 
diameters on scan and x-ray was 4.0 cm, which is greater than that of the 22 pa- 
tients with effusions of less than 100 cc, but less than that of 11 patients 
with effusions of more than 300 cc. This was therefore a borderline result. 
Similarly, the diameter ratio of 0.79 was also borderline. Thus in the pres- 
ence of cardiomegaly, a 200 cc effusion may not widen the x-ray silhouette enough 
to satisfy all the criteria for effusion which we have established. 

In the second patient, with a slightly smaller heart, a routine preoperative 
scan detected a pericardial effusion (Fig. 4), although there was no clinical evi- 


Heart scan of 52 year old negro female with mitral stenosis. Diameter difference 
4.0 cm, ratio 0.79. At operation pericardial cavity contained 200 cc. Note that liver 
is not separated from cardiac blood pool. Transverse scan diameter of 15.0 cm is 
indicative of cardiomegaly. IHSA, 350 pe. 
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dence of pericarditis. At open-heart surgery for mitral stenosis 200 cc of sero- 
sanguinous fluid was aspirated from the pericardial cavity, and a fibrinous peri- 
carditis was found. In this patient the diagnostic criteria for effusion were satis- 
fied. 

In the third patient of this group the difference between the diameters was 
only 3.0 cm although the ratio of 0.77 was within the effusion range. This pa- 
tient was a small, elderly female with a recent myocardial infarction. Her trans- 
verse chamber size on scan, 10.0 cm, was the smallest of any of the 37 patients 
in the series and this feature contributed to the normal diameter difference. Three 
hundred cc of fluid was aspirated by pericardiocentesis, and at autopsy one week 
later extension of the infarct to the epicardium with 250 cc of serosanguinous 
pericardial fluid was found. 

It is apparent, therefore, that in patients with effusions of 200-300 cc, a diag- 


Routine preoperative heart scan of 42 year old white female with mitral stenosis 
and insufficiency. Diameter difference of 5.3 cm, ratio 0.73, is indicative of peri- 
cardial effusion, although there was no clinical evidence of pericarditis. At operation 
the pericardial cavity contained 200 cc of serosanguinous fluid and fibrinous peri- 
carditis was found. I'"~Cholografin, 300 ,,c. 
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nosis of pericardial effusion by radioisotope scanning will depend upon the size 
f the heart. 

Cardiac dilatation per se does not give rise to diagnostic problems in scan 
nterpretation. Figure 5 is the scan of a patient with mitral stenosis and insuf- 
liciency in whom 60 cc of pericardial fluid was found at operation. The scan 
outline almost completely coincides with the x-ray silhouette. The transverse 
cardiac diameter difference is 1.5 cm and the ratio 0.94. Figure 6 demonstrates a 
pericardial effusion in a patient with cardiac dilatation and hypertrophy, and with 
carcinomatous invasion of the pericardium resulting in an effusion of more than 
350 ce (pericardiocentesis ). The transverse cardiac diameters on scan and x-ray 
measure 14.5 and 19.5 cm respectively, (difference 5.0 cm, ratio 0.74) thus satisfy- 
ing the diagnostic criteria for effusion. 

It is clear, therefore, that pericardial effusion can be diagnosed in the pres- 
ence of cardiac hypertrophy and/or dilatation. 


E.V., 31 year old white female with marked cardiac dilatation and hypertrophy 
from mitral stenosis and insufficiency. Note close correspondence of scan and x-ray 
images, and merging of cardiac and hepatic blood pools. Diameter difference 1.5 


cm, ratio 0.94, Sixty cc of pericardial fluid was found at operation. I'**-Cholografin, 
400 yc 
» . 
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DISCUSSION 


The results of this study indicate that pericardial effusions of more than 
300 cc can be diagnosed accurately by radioisotope scanning, and in some cases, 
notably in those patients without cardiomegaly, as little as 200 cc may be de- 
tected. These figures correlate well with the balloon phantom studies of Bonte 
and associates (3). These investigators were able to detect a 200 cc “effusion” 
surrounding a 400 cc isotope-filled balloon in a tank of water containing [*!, 
It is important to note that cardiac dilatation and/or hypertrophy per se do not 
interfere with accurate diagnosis of pericardial effusion, although it is obvious 
that more fluid is required to surround such a heart. We have never found the 
situation described by MacIntyre et al (4) (Figs. 5 and 6 of their article) in 
which a marked discrepancy (diameter ratio less than .80) is noted between trans- 
verse cardiac diameters of scan and roentgenogram in a patient with cardio- 
megaly but without pericardial effusion. If care is taken to secure a 6-foot recum- 
bent split film, as described here and by Wagner et al (2), the ratio of the trans- 












































Fig. 6.: Heart scan of a 72 year old white female with advanced metastatic carcinoma of 
breast. Note separation of cardiac and hepatic blood pools and marked distention 
of pericardial sac. Diameter difference 5.0 cm, ratio 0.74. Cardiomegaly (transverse 
cardiac scan diameter 14.5 cm) is also present. Pericardiocentesis yielded 350 cc of 
fluid containing malignant cells, but residual effusion remained. I*’-Cholografin, 300 
pe: 
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verse cardiac diameters in patients with effusions of 100 cc or less will be greater 
than .80. A midrespiration film is desirable. Some variation can be expected in 
cardiac width depending upon the phase of the cardiac cycle in which the roent- 
genogram is taken. 

Especially important, but less objective, is the determination of the scan 
width. The lateral border of the heart is never sharp for a variety of reasons: 

(1) constant motion of the heart; 

(2) respiration; 

(3) collimator resolution. One important factor contributing to this prob- 
lem is scatter from the high-energy gammas produced by I'*! in its decay (0.637 
Mev-—9 per cent; 0.722 Mev—3 per cent) (7). Better cardiac scans could be at- 
tained by use of mono-energetic, lower-energy radioisotopes. 

Another factor contributing to poor resolution is the size of the collimator 
aperature. In the Picker 19-hole focusing collimator these measure 0.6 cm at 
the surface. 

(4) Not previously reported but of considerable importance is the activity 
contributed to the cardiac outline by the pulmonary vessels of the lower lobes. 
It is much easier to read a scan of a patient with a pericardial effusion for this 
reason, since the pulmonary vessels are then separated from the cardiac blood 
pool (2) (Fig. 2). These adventitious counts may be minimized by judicious use 
of a background cut-off circuit, such as described by MacIntyre (4) and as pres- 
ent in our instrument (6). 

(5) Contrast enhancement. Although the Picker Magnascanner contains a 
contrast enhancement circuit which has been favorably reported upon for heart 
scanning by some groups (2), we do not feel that it is of value in the type of 
study we have described, and in fact may be detrimental by obscuring the cardiac 
border. We have achieved a compromise between background cut-off and con- 
trast enhancement by use of count-range differentials of 40-60 per cent, de- 
pending upon the count rate, but we are presently modifying our instrument 
to eliminate the contrast-enhancement feature entirely if so desired, while re- 
taining full use of the background cut-off circuit. We believe that this change will 
improve the diagnostic capabilities of our instrument. In any event, we recom- 
mend that under no circumstances should count rate differentials of less than 
30 per cent be used, since images tend to get smaller at these levels. 

Nevertheless, it has been found possible to establish certain quantitative 
standards. The mean ratio of maximum transverse cardiac diameter of scan and 
x-ray images in our series, 0.85, is somewhat less than that given by Wagner et al. 
(0.93) (2). The mean maximum transverse scan width of our 37 study patients 
was 15.4 cm, which is somewhat greater than Wagner’s series (14.6 cm). How- 
ever, a scattergram of our data reveals no consistent relationship between scan 
size and diameter ratio, so that difference in heart size is not a factor. It is prob- 
able that many of the variables discussed above in connection with estimation of 
scan width play a role, since our technique for taking roentgenograms is almost 
identical to that of Wagner et al. It is of interest that Wagner’s statistics concern- 
ing chamber ratios of patients with pericardial effusion are similar to ours. 
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It cannot be emphasized too strongly that although pattern reading (separa- 
tion of cardiac blood pool from hepatic and pulmonary vasculature) is of value 
in detection of massive pericardial effusion (Fig. 2), it will not reliably detect 
minimal effusions (200-300 cc), since in such cases visible separation of the 
blood pools may be absent (Fig. 3). Measurement of the maximum transverse 
cardiac diameter of scan and x-ray images and calculation of the difference and 
ratio of the values are the most reliable parameters for the diagnosis of peri- 
cardial effusion. In this series, as in that of Wagner (2), no patient in whom the 
diameter ratio was normal (.80 or greater) was subsequently found to have more 
than 100 cc of fluid in the pericardial cavity. 

Conversely, every patient with a diameter ratio of less than .80 proved to 
have 200 cc or more of pericardial fluid; this ratio was as low as .60 in two pa- 
tients. For effusions of 200 to 300 cc the ratio fell between .73 and .79. Correla- 
tion of the diameter ratio with volume of effusion was not possible inasmuch as 
the full pericardial contents were not always measured, and in three patients 
with massive effusions in this series were not measured at all. 

Although MacIntyre et al (4) have employed I'*!-Cholografin in doses up 
to 1.5 mc for heart scanning, we have not found it necessary to do so. The max- 
imum count rates produced by 300 ue of this material have ranged from 1800 to 
6000 cpm, rates which are satisfactory for scanning. With higher doses better 
resolution is possible, unless this advantage is sacrificed for a more rapid scanning 
speed. In orthopneic patients the higher dose is indicated. 

The whole body radiation dose from I'*!-Cholografin has been calculated to 
be about 5 per cent of that of a similar quantity of IHSA (4), and for this reason 
is the preferable compound. In addition, with I’*!-Cholografin the liver is better 
visualized, which aids in detection of fluid in the cardio-hepatic space. There 
are no other differences in the heart scan with either compound. The calculated 
whole body radiation dose from 300 yc of I'*!-Cholografin is 25 millirads (4), and 
from an equal quantity of I'*!-IHSA, 450 to 570 millirads (2,4). 

I'51_Cholografin or IHSA may also be used for the detection of chamber en- 
largement, ventricular aneurysm, or aortic aneurysm (3,4,8). 

Marked enlargement of the cardiac silhouette on roentgenogram with a 
normal isotopic scan of the heart is not pathognomonic of pericardial effusion. 
Space-occupying lesions within the pericardium, such as lipomas (2) and cysts 
(9), and cardiac amyloidosis (9) may produce false-positive heart scans. 


SUMMARY 


In 23 patients undergoing open-heart surgery in whom the pericardial con- 
tents were accurately measured, and in 11 additional patients examined at autopsy 
or by pericardiocentesis, isotopic photoscans of the heart were made and the re- 
sults were correlated. 

The most accurate means of diagnosis of pericardial effusion was found to 
be the ratio of the maximum transverse cardiac diameters on scan and roent- 
genogram. In patients with less than 100 cc of pericardial fluid this ratio was 
greater than 0.80, and it was less than this in cases of effusion of 200 cc or more. 
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Measurement of the difference of these diameters, and visible separation 
of the cardiac blood pool from the pulmonary vasculature and liver aided in the 
diagnosis. 

Pericardial effusions of 200-300 cc or greater can be detected by isotopic 
photoscanning. Although cardiac dilatation and/or hypertrophy decrease the 
sensitivity of the technique somewhat, a definite diagnosis of pericardial effusion 
can be made even when cardiomegaly exists. 
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Resin Sponge Modification of the 
I T3 Test’ 


George B. McAdams, M.D.? and Ralph F. Reinfrank, M.D 
Hartford, Connecticut 


Measurements of the saturation of thyroid hormone-binding protein by indi- 
rect methods have been employed as clinical tests of thyroid function. The in 
vitro tests currently available include the erythrocyte uptake of I'*! labeled 
triiodothyronine (T3), (1), the use of a granular resin as the competing medium 
instead of erythrocytes (2,3,4), and most recently, the incorporation of a resin 
within a standard sized plastic sponge (5). The simplicity of the resin sponge 
technique and its independence from hematocrit, hemolysis, and red cell anomal- 
ies seemed to offer an advantage over the erythrocyte uptake method. The pres- 
ent study was undertaken to evaluate the practical application of the resin sponge 
uptake method and to compare clinical usefulness with a previous three year 
experience with the erythrocyte uptake technique. 


MATERIALS & METHODS 


The resin sponge uptake of I'*! T3 was performed by the method of Mitchell 
(5). Individual plastic syringes with the I'*! T3, resin sponges, tubes and caps, 
plungers and aspirator tips were supplied as the “Triosorb T3 Diagnostic Kit” 
(Abbott Laboratories.) Each plastic syringe contained not more than 0.01 pe of 
I'5! in 0.002 pg of T3 (Fig. 1). 


PROCEDURE 


Analyses were performed on the day of collection or on samples stored in 
the frozen state. One ml aliquots of serum were pipetted into the tubes provided. 
The entire contents of each syringe was added to the tubes without mixing. At one 
minute intervals the resin sponges were placed in the tubes and mixing was 
achieved by depressing the sponge with the plunger of the syringe several times. 
Care was taken to express all the air bubbles from the sponge. 


*Presented in part at the Tenth Annual Meeting, Society of Nuclear Medicine, Montreal, 
June 27, 1963. 
*From the Departments of Pathology and Medicine, Hartford Hospital, Hartford, Conn. 
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RESIN SPONGE MODIFICATION OF THE I'*! T3 TEST 


TABLE I 
% T-3 RESIN SPONGE UPTAKE 


No. of 
#1 Pooled Normal Sera Determinations Mean 


Jan. 25, 1963—Oct. 10, 1962 144 30:4 
Oct. 11, 1962—Dec. 31, 1962 61 35.3 
April, 1963 


35.1 











#2 Pooled Normal Sera 
April, 1963 d 35.6 


The initial total radioactivity of each sample was measured in the well 
counter during the incubation period. The tubes were left standing for exactly 
one hour at room temperature (25° C). Using the aspirator tip and suction, all 
liquid was aspirated from the tube by squeezing the sponge. After refilling the 
tube with water, this was repeated three times. The residual radioactivity in the 
washed sponge was then counted and the percent uptake by the incorporated 
resin calculated. Corrections were made for temperature (1% for each degree 
above or below 25° C). The value of a pooled normal serum standard performed 
in duplicate was determined and a correction factor for the day calculated and 
applied to the test results. 


Fig. 1. Materials used in performance of the resin sponge I131 T3 test: Serum, incubation 
and counting tube and cap, I'31 T3 capped syringe, resin sponge, 1 ml. pipette 
and aspirator tip. 
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TABLE II 


Erythrocyte—T3 Resin Sponge—T3 
Group No. % Accuracy No. % Accuracy 
Non-pregnant Euthyroid 70 95% (67/70) 91% (68/75) 
Hyperthyroid 21 62% (13/21) 97% (28/29) 
Hypothyroid 31 16% (5/31) 37% (7/19) 


RESULTS 


The normal range for the resin sponge uptake was determined by analyses of 
the sera of 49 known euthyroid subjects. The mean difference between duplicate 
determinations was 0.95 per cent. One was greater than 2 per cent (2.1). The 
mean value for resin sponge uptake of the 49 sera was 29.86 per cent (S.D.+ 
2.48%). A normal range of 25-35 per cent was established (+ 2 S.D.). 


The necessity for a correction factor derived from duplicate daily analyses 
of a pooled serum standard became evident early in the study. Considerable daily 
variations in results occurred (Fig. 2); the mean value for the standard rose from 
30.4 per cent to approximately 35 per cent where it remained during the study 
period. Presumably changes in details of production of the resin sponge were 
responsible for this shift (Table I). 


CLINICAL RESULTS 


A total of 274 patients were examined by one of the authors. The status of 
thyroid function was assessed clinically and by at least two of the following stand- 
ard diagnostic procedures: serum protein-bound iodine; thyroidal uptake of I'*!; 
basal metabolic rate; or achilles tendon half-relaxation time. Determinations of 


POOLED NORMAL SERA 


% UPTAKE 





MAR MAY 


Fig. 2. Variations in the percent resin sponge T3 uptake of a pooled normal serum standard. 
The mean (30.4% ) is represented by the horizontal line. 
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the erythrocyte incorporation of I'*! labeled T3 were done on the blood of 122 
non-pregnant subjects. Determinations of the resin sponge T3 uptake were done 
on the sera of 123 additional non-pregnant subjects and the two groups com- 
pared. The 29 pregnant subjects examined were not included in this comparison. 
The results are summarized in Table II and Figure 3. 


The mean resin sponge uptake for 75 euthyroid non-pregnant patients with 
a variety of non-endocrine diseases was 30.9 per cent with a range of 25.5 — 37.5 
per cent. All but 7 euthyroid subjects demonstrated values within the 95 per cent 
confidence limits for the normal range (25-35%). The percentage accuracy for 
the resin sponge method was slightly less than that for the erythrocyte T3 method. 
The ten euthyroid patients with simple goiter demonstrated values within the 
95 per cent confidence limits of the normal range (mean 29.3%). 

The mean resin sponge T3 uptake for 29 hyperthyroid subjects was 47.1 per 
cent with a range of 32.8 — 69.5 per cent. In comparison with the erythrocyte 
T3, the resin sponge method improved the diagnostic discrimination between 
euthyroid and hyperthyroid subjects. Only one hyperthyroid subject had a resin 
sponge uptake value within the established normal range. 

Improvement in discrimination between hypothyroid and euthyroid patients 
was demonstrated with the resin sponge method but the percentage accuracy 
remained poor. Sixty three percent (12/19) resin sponge uptake values in hypo- 
thyroid subjects fell within the normal range. The mean value for 19 subjects was 
26.6 per cent with a range of 22.7 — 36.0 per cent. 
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Fig. 3. Values obtained by erythrocyte T3 method in 122 non-pregnant subjects compared 
with resin sponge T3 values obtained in a similar group of 123 non-pregnant subjects. 
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Resin sponge T3 values were determined for 29 pregnant women during 
either the first or second trimester. In addition, values were determined in 27 of 
these women on the third postpartum day and in 21 of these at 6 weeks post- 
partum. The results are shown in Figure 4. 


The mean value for 29 women during the first or second trimester of preg- 
nancy was 21.4 per cent. Only one woman in the first trimester of pregnancy 
demonstrated a value within the 95 per cent confidence limits of the normal 
range (30.8% at 6 weeks). The mean value for 27 of these women on the 
third postpartum day was 21.5 per cent. Two subjects demonstrated values 
within the normal range (28.8, 29.5%). Twenty-one of the same women were 
available for re-examination 6 weeks after delivery. The mean resin sponge 
uptake value at this time was 31.2 per cent. One woman demonstrated a slightly 
elevated value of 35.6 per cent; the remaining 20 women all had values within 
the normal range. 
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Fig. 4. Resin sponge T3 values obtained in a group of women during pregnancy, after de- 
livery and 6 weeks postpartum. 





RESIN SPONGE MODIFICATION OF THE I!*! T3 TEST 


DISCUSSION 


The erythrocyte uptake of I'*! triiodothyronine, introduced by Hamolsky 
et al in 1957 (1), has been employed as a laboratory test of thyroid function. The 
advantages and limitations of this technique as a clinical measure of thyroid 
status are well known. To overcome some of the inherent inaccuracies and techni- 
cal difficulties of the erythrocyte T3 method, Mitchell (2,3) and Scholer (4), de- 
veloped a simple, reliable method using a strongly basic ion exchange resin 
labeled with I'*' T3 instead of erythrocytes as the competing medium for the 
added I'*! T3. The technique consists of adding plasma (2 ml) to 0.1 gm aliquots 
of the filtered, washed, dried resin, agitating the mixture for 2 hours at 37° C, and 
measuring the supernatant plasma radioactivity after settling or centrifugation. 
Plasma radioactivity is related to total tube radioactivity (corrected for decay) 
and the “thyro-binding” index is calculated by comparing results with those of a 
standard pooled plasma determined at the same time. 

Elimination of the errors and problems of hematocrit differences, cell hemo- 
lysis, storage of test samples and lack of satisfactory pool control was demon- 
strated by Scholer, using the loose resin technique (4). 

In 1960, Mitchell in an effort to eliminate “sporadic fluctuations—, probably 
related to some of the intrinsic properties of the granular type resins” modified the 
loose resin procedure by making use of a commercially prepared mixture of poly- 
urethane foam and a finely ground anion exchange resin, Amberlite IRA-400 (200- 
400 mesh) in the chloride cycle. The mixture was then produced as a plastic cy- 
lindrical sponge 1.7 cm x 1.0 cm with the resin held evenly distributed throughout 
(5). This modification eliminated the necessity for constant shaking during the 
incubation period as well as the transfer of radioactive supernatant serum by 
pipette. The uniformity of composition of the resin sponge permitted reproduci- 
bility of results. 

The mean value and normal range for euthyroid subjects by the resin sponge 
method demonstrated in the present study were identical with those reported by 
Mitchell. The simplicity in performance and reproducibility of test values was 
also confirmed. 

The clinical results of the present study demonstrated good diagnostic dis- 
crimination between hyperthyroid and euthyroid patients and between pregnant 
women and euthyroid patients. Although the resin sponge technique improved 
diagnostic discrimination in the hypothyroid patients when compared with 
erythrocyte T3 technique, over one-half of patients with hypothyroidism demon- 
strated values within the normal range. This troublesome overlap in hypothyroid 
patients was similar to the experience reported by Mitchell -(5). 


CONCLUSION 


The resin sponge technique is superior to the erythrocyte method for per- 
forming the I'*1 T3 test in terms of simplicity, convenience and elimination of 
errors characteristic of the erythrocyte procedure. The use of a pooled serum 
standard is an additional advantage. 

Separation of hyperthyroid patients and pregnant women from euthyroid 
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subjects is relatively clear cut with the resin sponge method. Resin sponge test 
separation of hypothyroid patients from euthyroid subjects, although better than 
that demonstrated with the erythrocyte method, remains unimpressive. A clear 
cut low uptake value has diagnostic significance in non-pregnant subjects but a 
normal value does not rule out hypothyroidism. The resin sponge I'*! T3 uptake 
is not recommended as a screening test for hypothyroidism. 
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Postoperative Treatment of Thyroid Cancer with 
Radioactive Iodine’ 


William H. Blahd, M.D., and Jerry M. Koplowitz, M.D. 
Los Angeles 


Despite numerous reports which have appeared in the medical literature 
during the past decade, the therapeutic efficacy of radioactive iodine (I'*') in 
the management of thyroid cancer remains controversial. A major factor in this 
controversy is the relatively small number of thyroid cancer patients who have 
been treated with I'*1. Furthermore, because of the remarkable longevity of most 
thyroid cancer patients only a few of these treated patients have been followed 
for periods sufficient to be considered of therapeutic significance. The evaluation 


of this form of therapy is further confounded by the multiple and combined 
modalities of therapy employed. These have included the use of antithyroid 
agents, thyrotropic hormone, desiccated thyroid, x-ray therapy and a host of 
surgical procedures. In the present series an attempt has been made to follow a 
relatively consistent therapeutic regimen involving four basic modalities of ther- 
apy: surgical thyroidectomy, thyrotropic hormone stimulation, cancerocidal doses 
of I'*!, and thyroid extract administration. 


METHODS 


Since 1949, 45 patients have received therapeutic amounts of I'*! and have 
been followed for more than one year in the Radioisotope Service, Veterans Ad- 
ministration Center, Los Angeles. Cancer metastases and postsurgical remnants 
were localized by means of the mechanical scintiscanner after patients had re- 
ceived large tracer doses of I'*! preceded by injections of thyrotropic hormone. 
Individual therapeutic doses of I'*! ranging from 100 to 150 mc also preceded 
by thyrotropic hormone injections were administered to patients with functioning 
metastases. Smaller doses were used to ablate postsurgical thyroid remnants.. 
Total I'3! dosage ranged from 85 to 660 mc. All patients received thyroid extract 
in tolerance doses upon the completion of I'*! therapy. A detailed description of 
this therapeutic regimen has been described previously (1). 


‘Radioisotope Service, Veterans Administration Center, Los Angeles, and Department of 
Medicine, School of Medicine, University of California at Los Angeles. 
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The patients were predominantly male which may be attributed to the pre- 
vailing male population of the Veterans Administration hospitals. The patients 
ranged in age from 21 to 73 years. 

All patients had thyroid surgery prior to I'*! therapy. Forty-two had total 
thyroid removal and 23 had associated radical neck dissections. In 3 patients, 
surgery was limited to unilateral lobectomy. 

Tumors were differentiated cell types with the exception of 3 undifferentiated 
and two Hirthle cell carcinomas. 


RESULTS 


Twenty-nine patients in this series had proved metastatic lesions; 18 are liv- 
ing and 12 (41%) have lived 5 or more years (Table I). Twenty-two of the 29 
patients had demonstrable I'*! uptake in their metastases. 

All of the 16 patients who were free of metastases at the time of initial thy- 
roid surgery were living although 4 have been lost to follow up after postsurgical 
intervals of 3 to 7 years. 

At the time of this report, 11 patients were dead. Eight of the 11 deceased 
patients died as a direct result of thyroid cancer (see Table II). Four patients 
had undifferentiated or Hirthle cell tumors, 7 had differentiated tumor cell types. 
In 5 cases there was demonstrable I'*! uptake by metastatic lesions. The average 
survival of these patients was 3.7 years. 

No complications from I'*! therapy were observed in the present series. 


DISCUSSION 


In the present study four basic principles of management have been em- 
ployed. Of these the primary procedure is thyroid ablation. It is our belief that 
all patients with thyroid cancer should have total thyroid removal. The rationale 
supporting this viewpoint is two-fold: (1) The presence of multifocal intra- 
glandular neoplasia either as multicentric foci of origin or as contralateral meta- 
stases is well documented (2-4), (2) most metastatic lesions do not concentrate 
I'5! in the presence of functioning thyroid tissue. However, once the thyroid has 
been removed tumor metastases may begin to concentrate I'*! to a variable de- 


TABLE I 


Pts. with Metastatic Disease 
 haaae Thyroid- Anti-thy. - — —————_—_——_—— 
Auth. & Yr. Treat. Pt. ectomy Drug TSH % Survival 
Alive Dead 5 yrs. or more 


Blahd—1963 18 11 41 
Benua“®)-—1962 — ~ 57 
Catz“®)—1959 A 10 8 17 
Halnan ®&°—1957 56 20 9 
Haynie ®)—1963 f 81 40 27(?) 
Maloof @)—1956 13 8 38 
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gree. Increased I'*! uptake in thyroid cancer metastases after thyroidectomy was 
first recognized by Rawson in 1948 (5). The importance of thyroid ablation has 
been widely confirmed and it has now become an established prerequisite to the 
I'31 therapy of thyroid cancer metastases. In addition as much as possible of the 
primary carcinoma should be removed to preserve the airway and to prevent or 
relieve compression of the esophagus. 

Although the importance of total thyroidectomy in thyroid cancer is more 
or less generally accepted, the question of cervical dissection of lymph nodes is 
unsettled. Most thyroid surgeons are agreed that prophylactic lymph node dis- 
section is not indicated. On the other hand, the proper surgical approach when 
cancerous lymph nodes are present is the subject of considerable controversy. 
The most widely accepted practice seems to be radical dissection of the cervical 
region on the involved side when there is positive evidence of lymph node 
involvement. 

The second principle of management is the use of pituitary thyrotropic hor- 
mone stimulation to enhance I'*! uptake in thyroid cancer metastases. The use of 
this agent to augment the I'*! uptake of metastases was described by Trunnell 
and collaborators in 1948 (6). It is currently used in many clinics throughout the 


TABLE II 


SUMMARY OF DEATHS 
METASTASES 
Survival 
Age Histol. Locat. Uptake Ablat. (yrs.) after Cause of 
Do Death 





73 ~+Adenoca. Spine No No 2 Ca. pancreas 
45 Follicular Cerv. Yes No 2 ~ Thy. ca. 
Pulmo. 
Brain 
Papillary Cerv. Yes Yes 6 Myocardial 
Pulmo. Infarct. 
Hiirthle cell Pulmo. No 1} Thy. ca. 
Sternal 
Mixed Cerv. N Hemoperit. 
Pap. & foll. | Mediast. after liver 
; biopsy 
Undiff. Bone N 4 Thy. ca. 
Follicular Cerv. N Thy. ca. 
Bone 
Hiirthle cell Bone Y N Thy. ca. 
Liver 
Undiff. Generalized Thy. 
Papillary Cerv. ] Thy. 
Brain 
Follicular Cerv. P Y 4 Thy. 
Brain 
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country and appears to be an effective adjunct in the I'* treatment of thyroid 
cancer metastases. This agent is not however without its complications. Nearly 
25 per cent of the patients in the present series had some form of sensitivity 
reaction. 

The prolonged administration of antithyroid drugs may also increase the 
concentration of I'*! in thyroid cancer metastases (7,8). The use of these agents 
however is associated with serious disadvantages which include long periods of 
myxedema and drug reactions. For these reasons, with one exception, antithyroid 
drugs were not employed in this series. 


The third principle of management is the administration of I'*! in undivided 
cancerocidal doses of 100 to 150 mc. Smaller or divided doses have been shown 
to be less effective and to increase tumor radioresistance (7, 9, 10). On the other 
hand, larger therapeutic doses exceeding 200 mc have been associated with 
hematological complications and pulmonary fibrosis (10-13). 


The use of desiccated thyroid extract in tolerance doses following I'*! 
therapy is the fourth principle of management. Although thyroid extract has been 
employed as replacement therapy for many years, its possible therapeutic value 
in thyroid cancer was first described by Frantz in 1950 (14). Frantz and co- 
workers noted that tumor growth in a patient with thyroid cancer metastases was 
arrested following thyroid extract therapy. The rationale for the use of this agent 
in the treatment of thyroid cancer is based on experiental studies suggesting the 
promotion and dependency of thyroid cancer on endogenous pituitary thyrotropic 
hormone secretion and the ultimate suppression of thyrotropic hormone produc- 
tion by exogenous thyroid administration (15-17). Long term control of pa- 
tients with thyroid cancer metastases, however, has been less rewarding than 
anticipated. Nevertheless the use of thyroid hormone in the management of thy- 
roid cancer as an adjunctive agent would seem to be indicated. 

An attempt has been made to appraise the results of I'*! therapy in the post- 
operative treatment of thyroid cancer metastases in a number of the larger re- 
ported series, including our own. The results of this evaluation are tabulated in 
Table I. It is immediately apparent that a random and variable use of therapeutic 
modalities was employed. Furthermore, despite the therapeutic management em- 
ployed, approximately one-third to one-half of the I'*! treated patients who had 
metastases had died at the time these reports were written. Less than one-third 
of the patients had survived or had been followed for more than 5 years. All pa- 
tients who were reported to be free of metastases and who received only supple- 
mentary I'*! therapy after initial thyroid surgery were living and had been fol- 
lowed for varying intervals up to 9 years. 

Because of the inconsistencies of management in the above reported series 
and the relatively benign biological course of this disease, a realistic appraisal 
of the efficacy of I'*! treatment of thyroid cancer is extremely difficult. Despite 
the uncertainty of the benefits to be derived from treatment, therapeutic procras- 
tination is not warranted. It is important to recognize that thyroid cancer may have 
a fatal outcome even though the majority of tumors are slow growing, highly dif- 
ferentiated cell types. In Hirabayashi and Lindsay’s excellent study of 390 thyroid 
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cancer patients, 11 per cent of the patients with papillary carcinomas and 33 per 
cent of the patients with follicular carcinomas did succumb to their disease (2). 
It is essential therefore that once the diagnosis of thyroid cancer is established, 
vigorous and definitive patient management should be promptly instituted. Since 
differentiated thyroid cancer metastases are often successfully ablated with I'*', 
all patients who have such tumors should be considered candidates for I'*! 
therapy. Demonstrable benefit has been derived from this therapy in as many 
as two-thirds of thyroid cancer patients. 


SUMMARY 


1. This report reviews the experience of the Radioisotope Service, Veterans 
Administration Center, Los Angeles, California, in the postoperative treatment of 
thyroid cancer with radioactive iodine since 1949. Forty-five patients have re- 
ceived therapeutic amounts of I'*! and have been followed for more than one 
year. 


2. Cancer metastases were localized by means of the mechanical scintiscan- 


ner after patients had received large tracer doses of I'*! preceded by injections 
of thyrotropic hormone. 


3. A consistent therapeutic regimen was followed involving four basic 
modalities of therapy: surgical thyroidectomy, thyrotropic hormone stimulation, 
cancerocidal doses of I1*1 and thyroid extract administration. 

4, Twenty-nine patients in this series had proved metastatic lesions; 11 are 
dead, 18 are living, and 41 per cent have lived 5 or more years. All patients who 
were free of metastases after initial thyroid surgery are alive. 

5. No complications from I'*! therapy were observed. This is attributed to 
the conservative dosage regimen employed. 


6. The results of the use of I'*! in the postoperative treatment of thyroid 
cancer in other reported series have been reviewed. 
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The Use of Radioactive Isotopes to Study the 
Hemodynamic Pattern, Function and Morphology 
of the Liver in Hepato-Splenic 
Bilharziasis (Schistosomiasis )' 


Muhammad Abdel Razzak, M.D.?:* 


Bilharziasis, which is endemic in our country, is famous for its hepato-splenic 
affection. The disease is caused by an intravascular parasite that inhabits the 
portal venous system, leading to hepatic fibrosis, portal hypertension and very 
late involvement of the liver parenchyma. 


The aim of this work is to apply radioisotopic techniques for the study of 
the hemodynamic pattern, function and morphology of the liver in hepato-splenic 
bilharziasis; a syndrome that is commonly met with among our Egyptian peasants. 


MATERIALS AND METHODS 


The present work deals with the findings obtained in a group of 60 patients 
suffering from hepato-splenic bilharziasis and representing different grades of 
this disease (Table I). The first grade is preclinical, asymptomatic, with slight 
enlargment of spleen and/or liver and having history or evidence of bilharzial 
infection. In the second grade, there is definite enlargment of the liver and spleen. 
The third grade is characterized by the presence of oesophogeal varices indi- 
cating the appearance of portal hypertension. In the fourth grade, ascites is de- 
tectable with or without varices. The diagnosis in these cases was made on clin- 
ical grounds, helped by liver biopsy, liver function tests, examination of excreta 
for bilharzia ova, full blood picture and barium swallow for evidence of oesopho- 
geal varices. 


1This work was partly presented at the Tenth Annual Meeting, Society of Nuclear Medi- 
cine, June 27, 1963, Montreal, Canada. 


“Medical Unit and Section of Nuclear Medicine, Faculty of Medicine, Cairo University. 
3Medical Unit of Atomic Energy Establishment, U.A.R. 
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The tests that were performed during this study were: (1) Hepatic uptake 
of radioactive colloidal gold! Au’®® (1) and rose bengal tagged! with I'** using 
20 microcuries of each. (2) Modified cardioportal circulation time using 10 
microcuries of human serum albumin tagged! with I'*! (2). (3) Photoscanning 
of the liver using 200 microcuries of radiogold! (3). 


CALCULATIONS 


For estimation of hepatic blood flow, the disappearance half-time for radio- 
gold is calculated from the hepatic uptake tracing (Fig. 1). Then the clearance 
rate constant (K) is obtained by dividing 0.693 by the disappearance half-time. 
Finally, (K) is multiplied by the total blood volume to give the hepatic blood 
flow (HBF). In the present work, the clearance rate constant will be expressed 
as percentage of total blood volume that passes through the liver per minute. 


It is well known that hepatic uptake of trace amounts of radiogold de- 
pends primarily on the hepatic blood flow, while that of radioactive rose bengal 
depends on both the blood flow and the integrity of liver cells. Therefore, con- 
sideration of the disappearance half-time of radiogold (T% G) and rose bengal 
(T#R.B), together with the removal efficiency of rose bengal that is obtained by 
calculating the ratio between these two disappearance half-times (T% G : T4 R.B) 
will enable differentiation of combinations of normal or decreased hepatic blood 
flow with normal or impaired liver cell function (4). 


1Different lots of radioisotopes were used, and were obtained from Amersham ( U.K.) 
and Atomic Energy Establishment (U.A.R.) 


TABLE I 


THE CLINICO-RADIOLOGIC BAsis USED FOR THE CLASSIFICATION OF CASES OF 
HEPATO-SPLENIC BILHARZIASIS INTO 4 GRADES. 


Number | | Ocsophogeal 
Grade of cases | Spleen | Liver varices Ascites 














9 | + | + | - 
14 ++ or +4++ | +or++ | - = 
12 ++ to++4++ /|+0o0r- | Present. = 

| | {Present 
~ +4 + or | Present. 
| (Absent. | 








: not palpable (spleen), shrunken (liver), absent (ascites and varices). 
: 1 to 2 fingers breadth below costal margin in midclavicular plane. 
: 2 to 4 fingers. 
: down to umbilicus. 
lower pole of spleen felt below umbilicus. 
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The cardioportal circulation time (CPCT) begins from the peak of activity 
over the left heart in a radiocardiographic tracing and ends when radioactivity 
reaches a peak over the liver in a simultaneously drawn uptake curve. 


RESULTS 


Patients from first grade hepato-splenic bilharziasis had normal disappear- 
ance half-times for both radiogold and rose bengal; mean T% G being 3.2 + 0.6 
minutes and that for rose bengal 6.1 + 0.5 minutes, with a removal efficiency of 
rose bengal of 0.52 + 0.1. In this group the clearance rate constant for radiogold 
was 22 per cent (Table II). In contradistinction, from the second grade onwards, 
the disappearance half-times were usually longer than normal, and consequently 
the clearance rate constants were smaller than normal. In the 14 patients repre- 
senting grade II, T% G amounted to 4.0 + 0.8 minutes, and T% R.B was 8.9 + 2.7 
minutes, with a removal efficiency of rose bengal of 0.44 + 0.1. These patients 
had a clearance rate constant for radiogold of 17 per cent. In grade III cases, 
the average T4 G was 7.0 minutes, T% R.B being 15.7 minutes, with a removal 
efficiency of rose bengal of 0.44 + 0.1. The clearance rate constant of radiogold in 
these patients was 10 per cent. Lastly, the disappearance half-times for subjects 
having ascites were 6.8 and 21.5 minutes for gold and rose bengal respectively. 
Thus, the removal efficiency for rose bengal was 0.32 + 0.1 and the clearance rate 
constant for gold was 10 per cent. 


Mean of 20 Normals. 
Hepatic uptake. 





+ 





oF 


Minutes after injection. 


Fig. 1. The mean curve for hepatic uptake of colloidal gold Au!98 in 20 normal subjects. 
Dose used was 20 microcuries. The value of (K) is calculated by substraction of 
the original curve C o (1 — et) from the activity level reached in infinite time 
C oo, thus converting the integral curve into a rate curve of accumulation C o e“'. 
The value of (K) = 0.639/T,,.. 
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The cardioportal circulation time was measured in 25 of the bilharzial sub- 
jects included in the present study (Table III). In grade I, CPCT was within 
normal limits, ranging between 20 and 32 seconds, with an average of 26 + 7 sec- 
onds (Mean + 1 S.D.). Cases from the second and third grades usually had 
prolonged CPCT, amounting to 33 + 7 and 29 + 9 seconds in the two groups 
respectively. The results in patients having ascites were variable, being either nor- 
mal, prolonged or shorter than normal. In this particular group, CPCT ranged 
between 16 and 35 seconds, with an average of 24 + 7 seconds. 

Photoscanning of the liver was performed on 10 bilharzial patients using 
radioactive colloidal gold (Table IV). The scan was completely normal in pa- 
tients from grade I. Grade II cases showed slight diminution in the intensity of 
the scan picture together with some mottling. These effects were much more 
marked in grade III (Fig. 2). Lastly, in patients from fourth grade these changes 
were still more marked and diminution in the size of the liver was noticed. 


All figures in this section are Mean + 1 S.D. 


DISCUSSION 


Razzak and Wagner (5) concluded that in normal subjects, serial blood sam- 
pling was better than external measurement of hepatic radioactivity for the de- 
termination of hepatic blood flow using radiogold. This was because with serial 
blood sampling, the clearance of gold exhibit an exponential function with time 
(Fig. 3), allowing accurate calculation of the clearance rate constant, which 


could be multiplied by the total blood volume to get the hepatic blood flow. Un- 
fortunately, when this method of serial blood sampling was applied to cases of 
bilharzial hepatic fibrosis, radiogold disappearance was found to be a complex 


Fig. 2. Radioisotope photoscan of a patient from grade III hepatosplenic bilharziasis. 
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exponential function of time. Thus losing its advantage over the easier and less 
harmful external techniques. Therefore, it was decided to use methods based 
on surface counting in estimation of hepatic blood flow in hepato-splenic bil- 
harziasis. In earlier experiments of this work, disappearance rate constant was 
calculated from a hepatic uptake tracing (Fig. 1) and a radioactivity clearance 
curve (Fig. 4). These were obtained by the simultanous application of two col- 
limated detectors; one over the right eighth intercostal space in the midaxillary 
line and the other centered over the temple. In normal subjects, the disappear- 
ance half-time was nearly the same when calculated by both methods. On the 
other hand, in bilharzial hepatic fibrosis T% hepatic uptake was usually greater 
than that obtained from the simultanously drawn clearance curve specially in the 
presence of huge splenic enlargment. This is to be expected from consideration 
of the pathology of the bilharzial spleen which is characterized by reticular 


TABLE II 


THE DISAPPEARANCE HALF-TIMES FOR COLLOIDAL RADIOGOLD (Ty2 G) AND 

RADIOACTIVE ROSE BENGAL (T12 R.B), REMOVAL EFFICIENCY FOR ROSE BENGAL 

(RATIO BETWEEN T1j2 G AND Ti2 R.B) AND DISAPPEARANCE RATE CONSTANT 
or Au!’ (K) IN BILHARZIASIS. 





Type and Removal 
number of Ty2G T1/2 R.B efficiency of 
cases (minutes) (minutes) rose bengal 





Grade | Mean 2+ 0.6/6.1+ 0.5] 0.524 0.1) 
9 cases | 
| Range .6-— 4.4|5.2-— 6.8 | 0.42 — 0.69 | 15.8— 26.6 


22% 





Grade II Mean .O+ 0.8) 8.94 2.7/ 0.444 0.1 17% 
14 cases | 














Range .O— 5.4 | 0.24 — 0.54 | 12.8 — 23.1 














Grade III Mean | 7.0 | 444+ 0.1 10% 
12 cases | 








Range | 3.0— 15.0 .32—0.60| 4.6— 23.1 
| _| 


i] 





saan igaacciesstnccecaineaasionias 


GradeIV | Mean | 6.8 | 10.324 0.1} 10% 
25 cases | | hahtcpscnnnesesietcepi 





Range | 3.2 — 20.0 | @.12— 0,44 | 3.8— 21.7 








| 
. | | 
Normals Mean 1+ 0.6 55+ 0.1 | 22% 


20 Cases | | 
Range O-— 4.3} 3. : .43 — 0.76 | 16.1 — 34.7 














Mean values are Mean + 1 S.D. 
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hyperplasia and very marked engorgement of sinusoids (6), thus enabling the 
bilharzial spleen to capture and retain a good amount of the injected radioactivity. 
Therefore, we relied on the hepatic uptake technique for the determination of 
hepatic blood flow in this study of hepato-splenic bilharziasis. 


From the results of the present work, it can be seen that the percentage of 
total blood volume passing through the liver per minute was within normal limits 
in first grade cases, and usually diminished in other grades of hepato-splenic bil- 
harziasis, the diminution being directly related to the severity of the condition. 
This was not always the case, since some cases even of the fourth grade with 
ascites had a normal clearance rate constant. Previous reports dealing with the 
HBF in bilharziasis are few. Bradley et al (7) found that hepatic blood flow as 
estimated by bromsulphalein (BSP) was normal in 2 cases and very low in 
another 2 patients suffering from bilharzial cirrhosis. Using the same technique, 
Badawi & Nomeir (8) after a study of 16 patients having bilharzial hepatic 
fibrosis, reported that the estimated hepatic blood flow was reduced in these pa- 
tients and that the degree of reduction was related to the degree of fibrosis and 
the size of the liver but not related to the height of portal pressure. This correla- 
tion between the HBF and the size of the liver was not evident in the present 
series of cases. Lastly, Benhamou et al (9) using radiogold found slight reduction 
in the fractional hepatic blood flow in two patients with hepatic schistosomiasis. 


4 
10. Mean of 5 cases. 
7 


Blood sampling 








5 “10 15 
Minures after injection. 


Fig. 3. Clearance of 20 microcuries of colloidal gold particles from circulation as measured 
by serial blood sampling in normal subjects. 
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TABLE III 
THE CARDIOPORTAL CIRCULATION TIME IN HEPATO-SPLENIC BILHARZIASIS 








| The CPCT in seconds 
| 


Type of case | 


of cases 


| 
| Number 
| Mean + 1 S.D. Range 





Normal 50 26 + 5 18 — 31 





Bilharzial | II 33% 7 2 3 
| Ill 29+ 9 1 37 
IV “Mar i 16~ 35 








| 
I 647 | 2-32 


As regards the hepatic uptake of rose bengal, results of the present study 
demonstrate that the disappearance half-time of radio-iodinated rose bengal was 
usually longer in bilharzial patients than in normal subjects; and that this pro- 
longation was related to the severity of the hepato-splenic affection. In this re- 
spect, Sallam et al (10) examined 19 bilharzial patients using the same radio- 
active substance, taking counts every 5 minutes to draw an uptake excretion 
curve and they found no appreciable difference between normal subjects and 
bilharzial patients in the hepatic uptake of rose bengal; the only difference being 
in the excretion portion of the curve. Furthermore, these authors did not ob- 
serve any difference in the hepatic uptake of rose bengal between members of 
the various grades of hepato-splenic bilharziasis. 

The effect of bilharzial hepatic fibrosis on the removal efficiency of rose 
bengal was noticed to depend on the grade of the disease. Thus, it was completely 
normal in first grade cases, and markedly reduced in patients having ascites de- 


TABLE IV 


RADIOISOTOPE PHOTOSCANNING OF THE LIVER IN HEPATOSPLENIC BILHARZIASIS 
UsineG Au!®3, 





Number ’ 
of cases Interpretation of photoscan 





Normal. 

Slight diminution of intensity and mottling. 

Diminution of intensity and scattered diffuse 
mottling. 

Shrunken liver image, marked diminution in 
intensity and diffuse mottling 
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noting parenchymal involvement. Between these two extremes, the clearance of 
radiogold was impaired to approximately the same degree as that of rose bengal 
in the second and third grades. This agrees with the well known concept con- 
cerning the very late involvement of liver parenchyma in hepato-splenic bil- 
harziasis (11). Nevertheless, this lowered removal efficiency of rose bengal was 
not constant in all late cases, and was occasionally seen in moderate cases. This is 
expected from a non-homogenous group of patients as evidenced by liver biopsy, 
which showed that some of these cases were pure bilharzial, while in others there 
was evidence of an additional element of infective or nutritional origin. 

The cardioportal circulation time was normal in grade I cases, and usually 
prolonged in patients of the second and third grades. This prolongation in CPCT 
is most probably due to the effect of periportal bilharzial fibrosis. The results in 
cases with ascites were variable, being either prolonged, normal or even shorter 
than normal. This might be due to the presence of arteriovenous portal collateral 
anastomotic channels. 

Hepatic photoscans of patients representing the first grade of hepato-splenic 
bilharziasis proved to be completely normal. In more advanced cases, diminution 
in the intensity of the scan picture together with scattered mottling were seen; 
this being due to the periportal fibrosis, portal hypertension and reduced hepatic 
blood flow that were present in these patients. These factors may be aided by 
the presence of ascites in fourth grade cases. 


SUMMARY 


Patients having hepato-splenic bilharziasis (schistosomiasis ) can be classified 


into 4 grades: preclinical; mild; cases with oesophogeal varices indicating the 
presence of portal hypertension and those having ascites. 


4 Mean of 20 Normals. 


Blood disappearance using 
head counts. 





20 





Minutes afrer ection. 


Fig. 4. Clearance of colloidal gold particles from the circulation in normal subjects as meas- 
ured by a detector over the right temple. Dose used was 20 microcuries. 
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Radioactive isotopes were used to study the hemodynamic pattern, function 
and morphology of the liver in a group of 60 patients suffering from this disease. 

The radioisotopic technique applied showed that the hemodynamics, cell 
function and morphology of the liver in grade I cases were normal. In the sec- 
ond grade, there was a slight diminution in hepatic blood flow (HBF), definite 
prolongation of cardioportal circulation time (CPCT) and some change in 
morphology as shown by photoscanning. Patients having oesophogeal varices 
without ascites had marked reduction in HBF and occasionally showed evidence 
of parenchymal affection. In the same group of cases, the CPCT was prolonged 
and scan picture distorted. Lastly, those with ascites had diminished HBF and 
marked affection of liver parenchyma. The photoscan was severely distorted and 
shrunken and CPCT was variable. However, it should be remembered that these 
findings were not constant in all cases from the same grade. 
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INTRODUCTION 


Despite rapid advances in scanning of the human brain with gamma-emitting 
isotopes, no studies have come to our attention relating differences in scan phe- 
nomena to age of the subject. 


METHOD 


Scanning: All records of positron scans available at Presbyterian Hospital 
of Newark, N. J. were reviewed. Those on patients with acute brain syndromes 
or with probability of increased intracranial pressure on the basis of clinical 
status were rejected. A lateral view from scans obtained one hour after intra- 
venous injection of the isotope was then selected. The isotope routinely injected 
was As“ (as sterile sodium arsenate) injected in 0.5-1.5 cc volume, in dosage of 
1.5 mc per patient. The printing rate was one per 15 coincidences on the Baird- 
Atomic Positron Scanner. 

Print Count: An estimate of concentration of isotope in the frontal region of 
the head was made by a count of the printed bar marks under an area of arbitrary 
size. A piece of translucent paper 6 cm square was placed parallel with the bar 
marks, within the area of the frontal and temporal lobes, omitting the first two 
vertical lines of bars appearing caudal to the outline of the skull on the recording 
paper. A total of six of the vertical columns of bar marks was therefore counted, 
since each bar mark was 1 cm in length. The method made unnecessary standard- 
izing counts over areas of different size, or decisions whether or not to count bar 


marks of varying length by reason of overlap on the fixed outline of the skull on 
the recording paper. 


RESULTS 


Data is presented in Tables I and II, and plotted in graphic form in Figure 1. 
In subjects aged 60 and over, the print count was significantly higher, (p< 
0.001). A print count of over 70 by the method employed distinguished the 
majority of subjects aged over 60 from younger subjects, when two cases with 


1Creedmoor Institute for Psychobiologic Studies, Queens Village 27, New York. 
2Presbyterian Hospital Unit of United Hospitals of Newark, 27 South Ninth Street, 
Newark, New Jersey. 
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cirrhosis of the liver and one case with thyrotoxicosis were omitted from the 
comparison. The highest counts occurred in the two patients with cirrhosis of 
the liver. 

DISCUSSION 


Since neurological diagnoses for the older patients were similar to those of the 
younger patients, a higher incidence of focal lesions of the frontal lobes in the 
older patients would not appear to underlie the differences observed. 

Differences in print count reflect differences in concentration of the isotope 
under the scanning detectors. These differences are due possibly to—l. extra- 
cerebral tissue volume (bone, muscle, blood); 2. cerebral parenchymal (neural- 
glial) volume; 3. cerebral blood volume; 4. extra-cellular fluid volume available 
for distribution of the isotope; and 5. clearance rates of the isotope from the 
blood. Inter-individual differences should be independent of cerebral blood flow 
or circulation time. 

Differences in extra-cerebral tissue mass, as by temporal muscle atrophy in 
older patients, can be presumed to be insignificant. Such atrophy, furthermore, 
should reduce concentration of isotope, contrary to what was observed. 

Since for practical purposes arsenic 74 fails to pass an intact blood-brain 
barrier, cerebral parenchymal volume would be measured only indirectly, as a 
function of cerebral blood volume. 

Regarding cerebral blood volume, Thompson (1), employing scintillation 
detectors over head and heart, and an intravenous injection of radio-iodinated 
serum albumin, has published data which shows that the volume indices for 
subjects below 55 years of age vary but little, whereas for those over 55 years 
of age the values are more variable and tend to be lower. 
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Fig. 1. Print count of positrocephalograms by patient age. The dotted line indicates an 

arbitrary cut-off at a count rate of 70, which distinguishes, with statistical significance, 


the group of patients aged 60 and over from the group of younger patients. Two 
cases with cirrhosis of the liver are shown circled. 
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TABLE | 


AGE, Print CouNT, AND CLINICAL DIAGNOSIS IN POSITRON SCANS ON 29 SUBJECTS 


Patient Age Print Count 
Number (years) (counts/36 sq. cm) Diagnosis 


1.1 Patients aged 60 or over: 
Print counts 70 or more: 

25 62 98 Normal scan. 

6 63 95 Cerebral thrombosis, CVA. 

4 64 87 Lung neoplasm, multiple cerebral 
thromboses. 

5 64 88 Cerebral neoplasm, left temporal; 
cerebral arteriosclerosis. 

16 73 Undertermined. 

15 68 74 Convulsive disorder; cerebral in- 
farction; cerebral arterioscle- 
rosis. 

20 70 73 Cerebral hemorrhage; cerebral ar- 
teriosclerosis. 

29 93 Normal scan; obstruction in colon 

28 74 79 Normal scan; chronic bronchitis. 

12 95 Esophageal neoplasm; metastases 
to brain and spinal cord. 


1.2 Patients aged 60 or over: 
Print counts less than 70: 
10 


65 67 Lung neoplasm; cerebral meta- 
stases. 
8 68 46 Meniere’s disease; cerebral 
_ — —_—_————_ atrophy, cholesteatoma, L. 
MEAN MEAN 
ToraL CAsEs: 12 AGE: 67.7 Print 80.7 + 14.3 
Count: 
2.1 Patients aged less than 60: 
Print counts less than 70: 
27 69 Epilepsy. 
1 59 Cerebral contusion; epilepsy. 
17 61 Lung neoplasm; cerebral meta- 
stases. 
45 Post-traumatic chronic brain syn- 
drome. 
69 Jacksonian epilepsy. 
56 Undetermined. 
68 Lung neoplasm; cerebral meta- 
stases. 
62 Cerebrovascular disease. 
54 Viral encephalitis. 
52 Alzheimer’s syndrome; cerebral 
arteriosclerosis. 
53 Idiopathic epilepsy. 
59 Hypertensive encephalopathy. 
2.2 Patients aged less than 60: 
Print counts 70 or more: 
21 83 Cerebral palsy; epilepsy. 
7 Pituitary adenoma. 
MEAN MEAN 
Tora. Cases: 14 AGE: 39.9 Print 61.8 + 9.8 
Count: 
3.0 Patients having diagnosis of 
endocrine or hepatic disorder: 
26 Thyrotoxicosis. 
24 Cirrhosis of liver. 
22 Cirrhosis of liver. 
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The plotting of volume indices against age of patient in his Figure 3 
(p. 583) shows changes in opposite direction to those reported here. If total 
blood volume was unchanged and if cerebral blood volume was decreased, the 
concentration of isotope should be decreased, and not increased as was the 
case here. 

Count rates might be higher in the aged if extra-cellular fluid volume avail- 
able for distribution of the isotope was reduced. Since scan counts are made at 
the end of one hour over a 45-minute period, during the scanning period the 
isotope has diffused into all extra-cellular body fluid compartments, excepting 
that of brain protected by blood-brain barrier. This occurs in the first 15-20 
minutes after injection. Although volume of extra-cellular fluid is probably a 
function of age, we have no data on the point. In any event, it seems justified 
to conclude that the magnitudes of the print count differences observed (more 
than 30% between mean values for the two age groups) could not be accounted 
for by differences in extra-cellular fluid volume. 

From data of Mealey et al (2), clearance of isotope from the blood by ex- 
cretion from the kidney occurs at the rate of 25 per cent of residual per hour. 
These workers showed that radio arsenic (arsenic-74) was found in all body 
tissues studied, as determined in eleven patients at autopsies from one hour 
to 71 days after intravenous injection of the isotope. The highest concentrations 
were in kidney, with concentrations second highest in liver in the majority of 
their cases. In case 1, with autopsy one hour after death, concentration in kidney 
was 36.88, and in liver 12.10, expressed in per cent of dose per kilogram of sample 
normalized to 70 kilogram body weight. There is evidence that kidney function 
impairment does occur in the aged, (Shock, p. 614 in Lansing (3) ), it seems prob- 
able that impaired kidney function at least contributed to the differences ob- 
served. 

Since the highest counts in this study were observed in the two cases with 
cirrhosis of the liver, clearance of the isotope by removal into liver is of special 
interest. In addition to the findings of Mealey et al cited above there are data in 
a relevant report by Bagnall et al (4) showing that concentration of radiocopper 
(copper-64), a heavy metal probably handled in a manner similar to that for 
arsenic, given nineteen hours prior to death in one case was concentrated 
highest in liver (30.20), next highest in pancreas (9.02), with kidney third in 
order of concentration (7.78), concentration also expressed as total dose per 


TABLE II 


SUMMARY TABLE: MEAN AGE AND MEAN PRINT COUNTS OF PATIENT SCANS! 


Mean Print Count 
Number of and Standard Deviation 
Patients Mean Age (years) (counts/36 sq. cm) 


Group aged 60 or over: 12 67.7 80.7 + 14.3 
Group aged below 60: 14 39.9 61.8+ 9.8 


? patients with cirrhosis of liver and 1 patient with thyrotoxicosis are omitted from the summary. 
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kilogram normalized to 70 kilograms (p. 419). It seems probable that radio arsenic 
clearance from the blood is reduced in cases with cirrhosis of the liver, and posi- 
trocephalograms in such patients demonstrate the increased concentration. 

Liver function has been reported to be reduced in 97 per cent of individuals 
over 60 without historical or symptomatic evidence of cirrhosis, (5), although the 
adequacy of controls in the study has been questioned, Ivy and Grossman pp. 
502-504 (6). 

It therefore seems likely that the increased counts observed in the scans 
of the older subjects in this study were due to decreased clearance rates for the 
radioarsenic in the latter group, resulting from impaired kidney or hepatic func- 
tion, or both. 

One of us (L.J.) has observed that in older patients, and especially in 
patients with arteriosclerosis or hypertension, the differences in count-concentra- 
tion appearing between brain scans at 15 minutes and at 1 hour are less than in 
normal subjects, in agreement with the findings reported here. 

Scanning techniques to investigate cerebral physiology should (a) not em- 
ploy substances which are cleared at different rates in young and old subjects, 
(b) screen young subjects for adequacy of kidney and liver function, or (c) 
establish norms for older subjects having such impairment presumably due to 
aging per se. 

SUMMARY 


Print counts were made over a frontal area of the head on records obtained 
during positron scanning with arsenic 74 in 29 patients. Counts were significantly 


higher (p< 0.001) for 12 patients aged 60 and over in a group of 26 without rec- 
ognized disease of liver or kidney. Highest counts were obtained in 2 patients 
with cirrhosis of the liver. 

Possible explanations for the finding are discussed, including differences in 
extracerebral tissue mass, cerebral parenchymal volume, blood volume, total 
extra-cellular fluid cerebral volume, and clearance capability by liver and kidney. 
It is concluded that impaired clearance capability probably underlies the differ- 
ence, and that this factor should be controlled if isotopes are employed to study 
cerebral blood flow or metabolism. 
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Treatment of Chronic Leukemias'”” 
Edwin E. Osgood, M.D.* 
Portland 


SYNOPSIS 


Experience in the treatment of 326 consecutive cases of chronic leukemia by 
the method of titrated, regularly-spaced, total-body irradiation with P** or x-ray 
has told us much about pitfalls in the analysis of survival data, the biology of 
leukemia, and radiobiology. It is the purpose of this paper to summarize what 
we have learned. However, all who plan to use the method should read all of 
the references cited. 

The population studied includes every case of chronic lymphocytic and 
granulocytic leukemia referred for treatment between January 1, 1941, and June 
30, 1954. The first series of 163 patients was seen prior to July 1, 1951, and has 
been reported (1-4). Twenty four of this series were treated with total body 
x-ray, all others with P**. The second series of 163 patients has not been previ- 
ously reported. Of the 326, 212 were lymphocytic leukemias and 114 were granu- 
locytic leukemias. The relevant categories of the population are shown in Tables 
I, II, and III. The age range at onset of chronic lymphocytic leukemia is from 
27 to 92, for chronic granulocytic leukemia from 3 to 81. The sex distribution is 
about equal in the granulocytic series, but about twice as many men as women 
develop lymphocytic leukemia. The distribution of leukocyte counts in these 
patients fits a log normal distribution with a median of 40,000 for the lymphocytic 
series and of 90,000 for the granulocytic series (Figs. 4 and 5 in ref. 5). Forty of 
the lymphocytic series were subleukemic with counts before treatment less than 
15,000; only 6 of the granulocytic patients were subleukemic. Marrows in these 
subleukemic patients are identical to those in the leukemic patients if an ade- 


1This work was supported in part by grants from the U.S. Atomic Energy Commission, 
Contract AT(45-1)-581; the U.S. Public Health Service, National Cancer Institute grant 
CY-3374; and the Medical Research Foundation of Oregon. 

Presented in part before the 10th International Congress of Radiology, Montreal, August 
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quate sample is obtained but are much more difficult to aspirate, suggesting that 
the cells stick tightly together. The majority of patients came from within a 
radius of 1,000 miles of Portland, Oregon. 

The private patients shown in Table II were referred by their physicians. 
The nonprivate were charity patients in the hospitals and clinics of the Medical 
School. The majority of the previously treated patients had had local x-ray ther- 
apy, but some had been treated with Urethane. 


THE METHOD 


The essential features of our method of treatment (1,2) are: 

1. Start treatment as soon as the diagnosis is established. 

2. Explain the disease and treatment to the patient and warn against 

pregnancy, tooth extraction, or elective surgery in infected areas at the first 

visit. Psychotherapy at this visit is responsible for our 100 per cent follow up. 
3. The recommended initial doses of P®* are given in Table IV. The pa- 


tients herein reported received smaller initial doses. 


TABLE I. 


AGE AND SEX DISTRIBUTION OF THE POPULATION AT ONSET 


Age at Last Birthday 


Median 
3-19 20-29 30-39 40-49 50-59 60-69 70-79 80-92 Total Age 


Lymphocytic Leukemias 


Male 
# 0 1 7 13 37 54 24 8 144 62 
% 0.7 49 9.0 2.7 37.5 16.7 5.6 WO 
Female 
# 0 1 6 8 16 22 12 3 68 61 
% 1.5 8.8 11.8 33.5 32.3 17.6 44 48 
Total 
# 0 2 13 21 53 76 36 11 212 62 
q 0.9 6.1 9.9 25.0 35.9 17.0 .2 100 
Granulocytic Leukemias 
Male 
# 3 2 9 9 11 18 7 1 60 57 
ws 5.0. 3:3 15.0 15.0 18.4 30:1 1.7 1.7 100 
Female 
# 1 9 14 6 10 9 3 2 54 42 
% 1.9 16.7 25.9 11.1 18.5 16.7 5.6 3.7 100 


Total 
df 4 11 23 15 21 27 10 3 114 52 
% ae Je 100 
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4. All subsequent doses should be based on the response of that particular 
patient, since doses vary by a factor of at least 10 in persons of the same weight 
and leukocyte count (5). Until a patient’s leukocyte count is between 10,000 and 
20,000, he should be seen once a week. In subleukemic patients with initial counts 
below 15,000, the leukocyte count should never be used as a guide to therapy, 
and such may be seen at two week intervals initially since the lymph nodes, 
spleen, hemoglobin, and capacity for normal work and recreation which are the 
guides for this group change more gradually than do the leukocyte counts. The 
period during which these factors are brought under control is usually six to 
twelve weeks and is called “the period to control” (Fig. 1 in ref. 5). 

5. During this period and all subsequent time, all associated diseases and 
complications should be treated. 


6. In the leukemic cases, the best guide to control and maintenance is the 
direction of change in the leukocyte count with the objective to keep it between 
10,000 and 20,000. The direction of change in all other abnormalities is also used 
as a guide and must be used alone in the subleukemic cases. Use absent clot 
retraction at 1 hour, not thrombocyte count, for evidence of risk of thrombocyto- 
penic bleeding; and recognize that thrombocytopenia is due to too little P?* un- 
less leukemic cells are scarce in the marrow. 

7. The objective of therapy during the period of maintenance (Fig. 2 in 
ref. 5) is to keep the leukocyte count between 10,000 and 20,000 in the leukemic 
cases and the spleen at or above the costal margin, lymph nodes not over 1+, 
and the patient at his usual work and recreation. This is accomplished by grad- 
ually prolonging the interval and decreasing the dose until that level is found 
which maintains a completely steady optimal state. This determines for each 
patient the threshold dose rate for these effects (5). 

8. The dose and interval are not interchangeable. If the leukocyte count 
drops significantly and then rises again, the dose is too large and the interval 
is too short. If it steadily rises, the dose is too small. If it remains constant for 
most of the interval and then rises, the interval is too long. Actually, the deter- 
mination of the proper dose and interval is as simple as adjusting the dose of 
insulin in a diabetic. In most cases, the interval for maintenance is between 4 
and 12 weeks and in adults the intravenous dose of P*? is between 0.3 mc and 
10.0 mc. With any therapeutic agent, the method of administration is as im- 
portant as the agent used. With any agent, including water, one can kill every 
patient if the dose rate is not correct. The dose rate is far more important than 
the total dose. 


PITFALLS IN EVALUATION OF SURVIVAL DATA 


If every case seen between fixed dates is not reported, results are not com- 
parable with the data for the same age and sex in the general population, and 
an assumption is made as to how long it takes for a therapy to have an effect, 
thus losing this information. Leukemias, all other malignancies, and many other 
conditions follow a log normal, not a normal, distribution of survival times (1-4, 
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TABLE IV 


RECOMMENDED INITIAL DosE oF P® ror ApuLtTs*, Mc., I.V. 

















Type of Chronic Initial Leukocyte Count | ae 
Leukemia <40,000 40,000-100,000 > 100,000 
Lymphocytic tS 2.0 2.5 
Granulocytic 3.0 4.0 5.0 


*For children multiply by wt./150 lb. or wt./70 kg. 








6). In other words, the logarithm of the survival time is normally distributed. 
There are great advantages in plotting the data on log normal probability paper’, 
since significant differences can be due to differences in the population (Fig. 1), 
in which case the straight lines start apart and move together, or to differences 
in the treatment, in which case the straight lines start together and move apart 
(Fig. 2). Series should be closed and not analyzed until at least the estimated 
median survival time has elapsed; since if there is a better treatment, during the 


‘Codex Book Company, Inc., Norwood, Mass., No. 31.376 and 3128. 


ALL 68 PRIVATE MALE PREVIOUSLY UNTREATED LEUKEMIC LYMPHOCYTIC LEUKEMIAS 
34 oldest versus 34 youngest median age 61 years 
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first part of the time period patients are moving from the control reference line 
to the final line characteristic of the treatment. The initial dashed line in Figure 
2 shows that it required about 27 months for the improved treatment to have its 
full effect. Note how erroneous would be the prediction if this initial period were 
projected. Figure 3 shows that the same answer is derived if only previously un- 
treated patients are plotted for survival after first therapy. In other words, both 
time and numbers are necessary for valid data. Furthermore, most of the early 
deaths are due to the diseases of old age, to patients who were already in the 
acute terminal phase, and to persons who had other major illnesses. 

Any sorting on nonobjective criteria tends to invalidate the statistical method. 
For example, miliary tuberculosis has a much higher incidence in patients with 
leukemia. Would it have occurred had the patient not had leukemia, or would 
a cerebral vascular accident have occurred at the same time in a patient with 
hypertension if the patient had not had leukemia? 

Graphic analysis has the further advantage that a mistake in plotting is 
instantly apparent, whereas an error in the computed analysis is not easily de- 
tected. For small numbers with some patients living, the random number or 
matched pair sign test as described elsewhere (7-9) is probably the most con- 
venient and safe method of analysis. 


COMPARISON OF SURVIVAL TIMES FROM ONSET OF OUR 212 CHRONIC © 
LYMPHOCYTIC LEUKEMIAS WITH 685 COLLECTED FROM THE LITERATURE BY TIVEY 
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RESULTS OF THERAPY 


As may be seen from Figures 2 to 5 and Tables V and VI, the results of this 
treatment are significantly better than those for any other published series treated 
by other methods’, at least for the total series and chronic lymphocytic leukemias. 
Furthermore, they confirm Tivey’s predictions for this therapy. The results for 
chronic granulocytic leukemia are not significantly different from Tivey’s sum- 
marized series (1-4, 6). It is our impression, however, that others were not as 
rigid as we have been in including all cases, even in the acute terminal stage if 
at one time chronic, all early deaths from any disease, and all aged patients. 

Of the 212 lymphocytic leukemias, 63 have lived more than 10 years since 
onset and 32 more than 10 years after first treatment, and 93 have attained the 
age of 70. Of the 114 granulocytic leukemias, 11 have lived more than 10 years 
since onset and 5 have lived more than 10 years since first treatment. Twenty 
three have attained the age of 70 years. There is no living patient in either series 
who has been followed less than 90 months, or 74 years, after our first treatment. 

The range of survival time in these patients varies from less than 4 hours 
after first therapy to patients living more than 25 years after first therapy. Yet, 


1John Lawrence of the Donner Radiation Laboratory and Col. Wm. Crosby at Walter 
Reed are among those using our method. 


SURVIVAL OF PREVIOUSLY UNTREATED LEUKEMIC 
LYMPHOCYTIC LEUKEMIAS AFTER FIRST TREATMENT 
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some of the patients who were expected to die within 24 hours actually lived 
over 5 years and some of those who were expected to live long died early. The 
mean survival time of the entire 326 as of April 30, 1962, is 66 months; for the 
212 lymphocytics, 76 months; and for the 114 granulocytics, 47 months. But with 
33 living, the predicted means shown in Table V, which may be read at the 
67 per cent point from the log probability curve, are more accurate since mean 
survival varies greatly with the fraction living and cannot be computed until 
all are dead. 


PROGNOSTIC FACTORS 


The important variables affecting prognosis proved to be sex, and age at 
onset of the disease, as shown in Figure 1 and Table VI. Contrary to current 
opinion, younger patients survive longer than older ones and females longer 
than males. These are population differences, not differences due to therapy. 
The differences between our first and second series and between the private and 
indigent patients (3) proved to be due to a higher proportion of aged patients 
in the second series and in the indigent. The differences (3,4) due to sex and age 
were clearly demonstrated by the matched pairs sign test (7,8). The introduc- 
tion of antibiotics has apparently led to a progressive increase in the mean and 
median age of patients with leukemia; and with this treatment, at least, age is 
a major factor in survival time. 


SURVIVAL OF CHRONIC GRANULOCYTIC LEUKEMIAS FROM ONSET 
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Also, contrary to current opinion, the initial level of the leukocyte count 
was not of prognostic value. This is perhaps due to the fact that either a rapid 
rate of cell division or a long life span of the cell tends to give high leukocyte 
counts. 

The other factor tested which showed nonsignificant differences when 
effects of sex and age were eliminated were previously untreated versus pre- 
viously treated. Here again, two opposing factors interact—the early deaths in 
the perviously treated have been eliminated but the genetic change to the 
acute terminal phase may have already occurred before the patient is referred. 
The longest survivors are in the previously treated group because our program 
was not started until 1941, but the fraction surviving is much lower in this 
group. 


RADIOBIOLOGIC OBSERVATIONS 


These have been reported elsewhere®:'*!*, but they can be summarized 
here. To understand them, it is first necessary to clearly grasp my concept of 
the fundamental nature of cell division and malignancy (13-15). The alpha 
cell of any series is capable of division and remains immature to divide again. 
It is the only cell that can start a culture or a transplant. It is potentially im- 


SURVIVAL OF GRANULOCYTIC LEUKEMIAS AFTER FIRST TREATMENT 
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mortal. The alpha cell may undergo 2 types of division: alpha-2 alpha that 
eventually doubles the population, or alpha-n that maintains a constant ratio 
of alpha to n cells. The n cells mature, function, and die in a time that is 
short relative to the life span of the species; they may or may not undergo 
n-2n division, but these are all lost to genetic continuity. Only the alpha cell 
maintains somatic genetic continuity. 


To regulate the rate of these two types of cell division, there are two 
inhibitors; one produced early in the life of the n cell inhibiting the alpha-2 
alpha division and one produced late in the life of the n cell inhibiting the 
alpha-n cell divisions. Each is a specific feedback mechanism from the n cell 
of that series to the alpha cell of the same series. 

Granted these postulates, all one needs for a benign tumor is any change 
in the genetic material of a somatic alpha cell leading to death of the correspond- 
ing n cell before it produces the inhibitor of the alpha-n division and all one 
needs for malignancy is any change in the genetic material of a somatic alpha 
cell which leads to death of the corresponding n cell during or before it produces 
the inhibitor of the alpha-2 alpha division. 

The action of ionizing radiation ‘is to decrease the rate of cell division of 
the somatic alpha cell. The effect is instantaneous and persists far longer than the 
life span of the corresponding n cell. Therapy with P*? or chemotherapeutic 
agents simply substitutes for the normal inhibitor of alpha-2 alpha division, 
thus decreasing the likelihood of further genetic change to a still shorter life 
span of the n cell and more acute progression of the disease. This could be de- 
termined only by trial, since both ionizing radiation and all the chemothera- 
peutic agents may produce somatic genetic change. 

Sudden genetic changes may occur with any of these agents leading to the 
development of either greater (Fig. 2 in ref. 5) or lesser radiation sensitivity 
as evidenced by a sudden great increase in dose requirement or great decrease in 
dose requirement (Fig. 1A in ref. 1) and also by the sudden development of 
the capacity to produce an abnormal protein leading to erythrocyte agglutina- 
tion and thus to hemolytic anemias (16) in the lymphocytic leukemias. Other 
evidences of somatic genetic change are the development of the acute terminal 
stage of the disease, which we interpret as being due to any genetic change 
which leads to a shorter life span of the n cell, and the development of 
acute leukemias of an entirely different type, which we interpret as due to genetic 
change in the alpha cell of that series. We have seen acute lymphocytic 
leukemia develop in patients with chronic granulocytic leukemia. It is of course 
theoretically possible that any agent capable of producing somatic genetic 
change could lead to earlier death of the n cell, and only actual trial will deter- 
mine whether these agents reduce the risk more by decreasing the total number 
of cell divisions during the patient’s life span or increase it more by themselves 
producing genetic change. Data from the Western Cooperative Cancer Chemo- 
therapy Group suggest that mitotic inhibitors such as desacetylmethyl col- 
chicine (Colcemide®) give better long term results (N = 30, median = 30 
months) than agents that kill cells, such as 1,4-dimethanesulfonyloxybutane 
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(Myleran®) (N = 39, median = 18 months). The killing agents theoretically 
may eliminate the sensitive population, while mitotic inhibitors such as radia- 
tion and Colcemide preserve the sensitive population. Certainly none of these 
agents will ever cure a case of leukemia, even though our 5 year survival 
for this total series is 42 per cent, for the lymphocytic series is 52 per cent, and 
for the granulocytic series is 25 per cent, which might be considered good 5 
year survivals in any malignant process. Yet, we know we have not cured a 
single case. These 5 year survivals may be compared with the data collected 
by Shimkin for the Third National Cancer Conference of 104/522 = 19.9 per 
cent for chronic lymphocytic leukemia and 15/327 = 4.6 per cent for chronic 
granulocytic leukemia. 

The leukemic cells are far more sensitive than the corresponding normal 
cells as evidenced by the fact that normal granulocytic series increase in number 
when lymphocytic leukemias are treated and the lymphocytic series increase in 
number when the granulocytic leukemias are treated. The granulocytic series 
requires approximately twice the dose (5) either to control or maintain a 
constant leukocyte count as is required by the lymphocytic series. The se- 
quence from the most radiation-sensitive to the least sensitive of the hemic 
cells of man is: leukemic series: lymphocytic > granulocytic > monocytic > plas- 
mocytic > polycythemic erythrocytic > normal: lymphocytic > granulocytic > 
thrombocytic > erythrocytic > monocytic > plasmocytic. 

Plotting log total dose against log post therapy survival time gives us the 
factor of 15 r = 1 mc P*? L.V. in an adult! as the roentgen equivalent man for 
either leukemic cells of the lymphocytic or granulocytic series. P®? is preferred 
because doses above 25 r of x-ray produce nausea which we have never en- 
countered with P**. Two of the 13 granulocytic leukemias and one of the 11 
lymphoclytic leukemias treated predominantly with total body x-ray had to be 
transferred to P** therapy late in their course because of radiation sickness as 
their dose requirement increased. 


TREATMENT OF COMPLICATIONS 


The common complications of the lymphocytic leukemias are antiglobulin- 
positive type hemolytic anemias (16) and chronic bronchitis with bronchiectasis. 
The most common complication in the granulocytic leukemias is the develop- 
ment of the acute terminal phase of the disease. In all cases at the initial 
visit, there is likely to be an anxiety-tension state which requires psychotherapy 
because of the fact that few people recognize that there are some 70 different 
kinds of leukemia with widely different prognoses. 

Treatment recommended for the hemolytic anemias of lymphocytic leukemia 
is 1l-oxycorticoids (16). Treatment recommended for the chronic bronchitis 
with bronchietasis is an initial course of 10 days of procaine penicillin with strep- 


1Since weight in adults rarely varies by more than a factor of two while dose requirement 
in patients of the same weight and leukocyte count varied by a factor of at least 10, to cal- 
culate dose in uc/kg/year seems an unnecessary refinement. 
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tomycin followed by 1 Gm of a soluble sulfonamide daily for life. Other antibi- 
otics do not kill bacteria and resistance in this disease is low. This treatment 
does not cure the condition but does prevent the otherwise frequent hospital 
admission for bronchopneumonia. 

The treatment for the acute terminal phase is to decrease the interval 
and increase the dose of P* as necessary to control the leukocyte count and 
other factors, using fresh blood transfusions to keep some clot retraction at one 
hour and packed red cells or sedimented red cells for a hemoglobin level below 
7 Gm. We have tried other chemotherapeutic agents (Fig. 3 in ref. 5) in this 
terminal phase but find they are no more effective than the P*? and often in- 
volve much more hospitalization. 

The psychotherapy! given at the first visit, we feel, is largely responsible 
for our 100 per cent follow up and the fact that a large proportion of these 
patients keep their appointments. 

Experience with more than 1000 patients with leukemias or lymphomas has 
convinced me that the unknown is man’s greatest fear. The method developed 
for explaining incurable disease and its treatment to the patient and his rela- 
tives has resulted in almost 100 per cent continuation of treatment, in some 
cases for more than 20 years. 

The method includes full explanation of disease and treatment in words 
understood by the patient, anticipation of questions about danger to others, 
removal of unwarranted fears or guilt feelings, teaching a philosophy of living, 
making no promises that cannot be kept, and demonstrating a genuine in- 
terest in the happiness as well as health of the patient and his loved ones. Each 
patient must know that somebody cares. 


Explaining that the disease is neither hereditary nor contagious may save 
much mental anxiety and expense for unnecessary examinations. Explanation 
of probable complications, such as purpura, leads the patient to conclude that 
you understand the disease when otherwise he might decide these symptoms 
were due to treatment and fail to return. 


The parents of a child with leukemia, after explanation of the disease, 
can be reassured that had the ablest physician seen the child daily, the disease 
would still have occurred. A mother may grieve for years because she believes 
her child’s leukemia was due to her omission of prescribed medication. Adults 
may regard disease as a punishment for sin. 

Teaching relatives and patients three principles can greatly simplify living: 
Only one decision need be made, namely “What is the most important thing to 
do next?” Forget the past. Choose only major goals for the future. Specific anal- 
ogies are helpful: if you drive a car, it is easy to decide each turn of the 
wheel at the time, but it is impossible and frustrating to try to make such de- 
cisions before starting. Mathematics may seem too difficult examining a text- 


1This section of this paper was presented at the 8th International Cancer Congress in 
Moscow, July 24, 1962. 
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book, but solving the first problem is simple. No one can solve two problems 
simultaneously. All treatment merely prolongs life; no one lives forever; and 
no one knows how long he will live. 

To preserve hope, I explain that it is human to err, so a possibility exists 
that the diagnosis is incorrect, also that a cure may be found in time. 

To understand that relatives often suffer more than the patients, it is only 
necessary to consider the question whether you would rather have cancer or 
know one you love has it. A young husband whose wife had not been told she 
had leukemia took her on a vacation, doing everything to add to her happiness, 
but was only upbraided for his extravagance. How different; if she had known! 
Sometimes, a question reveals information that spares much anguish. Parents 
had purchased a toy train for their leukemic son. The suggestion that Christmas 
be celebrated early enabled them to see him enjoy it. How different, had the 
gift been unopened on Christmas after the boy’s death! 

Trust is won only by truth and understanding. The science and art of 
medicine must be combined. 

In conclusion, the results reported should not be interpreted as represent- 
ing the results to be expected if all the recommendations in this paper are 
followed. Much of this information was developed during the course of this 
study, and we are certain that the granulocytic leukemias here reported were 
undertreated initially. Many of the patients who developed hemolytic anemia 
developed it before corticoids were available and before we had developed 
skill in their use. We have been randomizing P** against Colcemide and Myleran 
in the chronic granulocytic leukemias and P** against Leukeran and TEM in 
the chronic lymphocytic leukemias since November 1, 1956, but as yet the time 
elapsed and number of patients treated is not sufficient to draw firm conclusions. 
Our preliminary data on these agents would suggest that P** is at least as good 
as Colcemide in the granulocytic leukemias and far superior to Myleran and that 
it is at least as good as either TEM or Leukeran in the chronic lymphocytic 
leukemias and is much easier to titrate than any of the other agents and less 
expensive for the patient since it requires far fewer visits and seems much less 
likely to cause toxic complications. 


SUMMARY 


Results of treatment of 212 chronic lymphocytic leukemias and 114 chronic 
granulocytic leukemias with the method of titrated, regularly-spaced total-body 
irradiation are presented, with data on survival time, comparative effectivness 
of P** and x-ray, radiobiologic observations, complications of the disease and 
therapy, and prognostic factors. The reason why this group of patients has had 
a better survival than any other published series of leukemias treated by other 
methods is now apparent in the light of my unifying concept of the funda- 
mental nature of malignancies. The action of ionizing radiation is to decrease 
the rate of cell division and thus to decrease the risk of further genetic change 
to a still shorter life span of the involved somatic n cell. In other words, 
the ionizing radiation substitutes for the alpha-2 alpha and alpha-n division 
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inhibitors. The effect on cell division does have a threshold. The roentgen 
equivalent man for either cells of the lymphocytic series or granulocytic series 


is 1.0 mc of P** intravenously in the adult equals about 15 r of total body 
irradiation. 


The important variable influencing prognosis appears to be age and sex, 
with the female patients and the younger patients doing far better than the male 
patients and the patients over 61 at onset of the disease. The common complica- 
tions and their treatment are outlined. 
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The Distribution of Rb“ in the Dogs Heart’ 


B. Malamos, S. Moulopoulos, P. Kostamis, E. Paraschou and K. Elias 


Athens, Greece 


The regional uptake of Rb*® by the heart muscle has been studied by sev- 
eral authors (Love et al (6), Sapirstein (8), Levy et al (3) ). The isotope was ad- 
ministered either by continuous infusion or by a single intravenous injection. 
The Rb** uptake was measured in specimens taken from several parts of the myo- 
cardium (Levy et al (3)). The uptake of Rb** by the left ventricle exceeded by 
45 per cent (Love et al (6) ), 23 per cent (Sapirstein) (8) or 50 per cent (Levy 
et al) (3) the uptake of the right ventricle. 

The determination of the Rb*® distribution in vivo might offer a possibility 
to follow the uptake of the isotope by the functioning heart muscle under sev- 
eral experimental conditions of normal or abnormal heart activity. Such a meas- 
urement presents some difficulties, in that there is not, as yet, a method equally 
accurate to the one available for the post mortem studies. 

During this investigation, an attempt was made to measure the regional 
Rb** uptake during open chest experiments in the dog and to follow it under 
several experimental conditions. 


METHOD 


A small Geiger-Miiller counter,” with a diameter of 0.8 cm (window thickness 
1.5 mg/cm,” operating voltage 725 volts, plateau length 100V) was initially tried 
in a wax model. A cylinder was made up of wax, whose internal diameter was 
4 cm. The thickness of the wall ranged from 3 to 20mm (Fig. 1). Several solu- 
tions of Rb**, from 0.5 to 3 wC per ml, were introduced into the cylinder. The 
counter was placed outside the cylinder, at a distance between 0 and 1 cm from 
the cylinder’s wall and was then rotated around the cylinder. With this setup 
the absorption of radiation by a wall of changing thickness, coming from solu- 
tions of different concentrations, could be measured. 


Rubidium-86 is a radioactive isotope with a half-life of 18.7d. It emitts -particles 
of 1.77 MeV (91.5%), and 0.68 MeV (8.5%), as well as y-rays of 1.08 MeV (8.5%). 

‘Department of Clinical Therapeutics, University of Athens Medical School, (Chairman: 
Prof. B. Malamos), Alexandra Hospital, Athens, Greece. 

2Aston Electronics, T-222-A, for ophthalmic use. 
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The absorption of Rb**g-radiation by the heart muscle itself was also in- 
vestigated. Specimens of the left and right ventricular myocardium, of different 
thickness, recently cut out of a functioning heart, were interposed between the 
counter and a source of Rb**, 

After the preliminary testing of the method, 20 mongrel dogs, weighing 6-16 
Kgs, were anesthetised with sodium pentothal (20 mg per Kg). Following intuba- 
tion of the trachea, the chest was opened on the left side. A catheter (size No 7 F ) 
was introduced into the left auricular appendix. The same counter used for the 
experiment in vitro, was placed alternatively at four different points of the ante- 
rior surface of the ventricles, namely at the base and apex of the right and left 
ventricle (Fig. 3). While the counter was over each one of these positions, a 
rapid injection of 1 » c Rb** per Kg of body weight, in 1 ml of isotonic glucose 
was given through the catheter. After the four injection-one for each position of 
the catheter-the Geiger-Miiller was “walked” over each one of the four points and 
a continuous recording was obtained. 

Subsequently, the infusion of Rb*® was started through the same catheter, 
at a rate of 0.luc in 1 ml of isotonic glucose per minute, per Kg of body weight. 
Readings were obtained from the same points at 5 minutes intervals, for 1 hour. 
Several readings were obtained each time and the average value was considered. 

The activity over the left atrium and the aorta was checked with the same 
counter. The activity of blood samples, taken every 20 minutes was determined 
in a well-type counter. 

In a group of 10 animals the Rb** uptake was followed at the 4 points men- 


tioned until the death of the animal. This occurred either by inducing respira- 
tory anoxia (3 experiments) or after intravenous infusion of large amount of 
fluids (7 animals). 


Figure 2 
Fig. 1. Transverse section of the cylindrical wax model. Numbers indicate the thickeness of 
the wall of the cylinder in mm. 


Fig. 2. Diagram indicating the four points in the anterior surface of the dog’s heart, over 
which the Rb® uptake was followed. 
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In the other group of 10 animals, the anterior surface of the heart was 
scanned with the counter before and after ligation of the descending branch of 
the left coronary artery. Unipolar epicardial electrocardiographic leads were re- 
corded from the same area. 

In 7 animals specimens of ventricular myocardium were obtained from the 
four points mentioned, immediately after the death of the animal. They were 
weighed and measured in a well-type counter before and after washing them with 
isotonic NACI solution. 


RESULTS 


The experiments with the wax model showed the following: 

1. The positioning of the counter from the wall of the cylinder up to a 
distance of 1 cm does not reduce the number of counts more than 10 per cent in 
comparison to the reading obtained when the counter is in contact with the wall. 

2. Changes in thickness of the wall from 3 to 10 mm shows an almost linear 
relationship to the number of counts. A change over | cm does not substantially 
affect the reading (Fig. 3). The rate of change in counts for different concen- 
trations of the isotope is high enough when the thickness of the wall is less than 
1 cm. It is very low for a wall thickness of more than 1 cm ( Fig. 4). 

The radioactivity of a source of 20uc Rb** was absorbed over 80 per cent by 
a piece of myocardial tissue over 0.5 cm thick. During the animal experiments, 
the activity of the blood, measured over the aorta, was giving readings of 10 
to 20 per cent of the readings obtained from the veitricular wall at the same time. 
The activity of the atria ranged between 10 and 40 per cent of the activity simul- 
taneously recorded. 
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Fig. 3. Diagram indicating the relationship between the number of counts recorded from 
the outside of the cylinder and the thickness of the cylinder’s wall, for one given Rb™ 
concentraton inside the cylinder. 

Fig. 4. Diagram indicating the number of counts recorded from the outside of the cylinder, 

versus different Rb“ concentrations insde the cylinder, for various diameters of the 

wall. 
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After a single injection, the uptake of Rb*® by the ventricular myocardium 
was higher on the left side of the heart than on the right one (Fig. 5). Further- 
more, the uptake at the base of the left ventricular was the highest of all, no 
matter whether this area was measured during the first or during the subsequent 
injections. The difference was statistically significant (p<0.01). When the 
counter was walked over the ventricular myocardium, the same distribution 
pattern was observed (Fig. 6). During continuous infusion, the same pattern 
was also observed (Fig. 7). 

The follow up until the death of the animal showed a change in the distribu- 
tion of the Rb** during the last minutes. The difference between base and apex 
readings became larger in 7 experiments, smaller in 8 and remained unchanged 
in 2. The remaining 3 animals were sacrificed. The cause of death did not seem 
to affect the pattern. 

The radioactivity measured in the myocardial specimens showed a similar 
difference per gram of weight between base and apex of the left ventricle 
and between the bases of the left and right ventricles (p<0.01). The washing of 
the specimens with an isotonic NaCl solution did not change the findings consid- 


Fig. 5. Radioactive curves recorded from the base and apex of the left ventricle and the base 
and apex of the right ventricle, following each one a rapid single injection of Rb® at 
the time indicated by the arrows. The curves should be read from right to left. Paper 
speed: 12” per minute. 
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erably. The results of the comparison between right ventricular base and apex 
were not statistically significant. 

Following the ligation of the artery, the uptake of the corresponding area 
remained almost equal to the pre-ligation level. (Fig. 8). A constant relationship 
was observed between the regional S-T segment changes in the epicardial elec- 
trocardiogram and the number of counts recorded from the same areas. (Fig. 9). 
These results are reported in detail elsewhere. 


DISCUSSION 


Before the main experiments of this study, the validity of the £-counting had 
to be investigated under similar conditions. The amount of 8-radiation measured 
with a small counter across a myocardial layer could only be counted when the 
thickness of the layer was less than 1 cm. Thicker myocardial layers were absorb- 
ing the whole amount of £-radiation, which could no more be traced by the 
counter. Hence the radioactivity of the blood and the posterior wall of the heart 
should not interfere with the readings over the anterior wall, provided that the 
thickness of the anterior wall exceeds 1 cm. 

It was also found that there is no need to keep the counter in touch with 
the myocardium. The change in distance between the counter and the myocardial 
surface did not usually exceed 1 cm and the movements of the functioning heart 
could not affect the reading for that particular reason. Longer time constants 
in the ratemeter helped to integrate instant changes and obtain a more accurate 
average reading. 


These and other observations during the “in vitro” experiment indicated 
that the determination of the regional radiation could be achieved with a certain 
degree of accuracy. However, there are some inherent disadvantages to this 
method. The radioactivity that mostly affects the counter is coming from the 


ease oF THE LEFT VENTRICLE 
BE APEX OF THE LEFT VENTRICLE 





Fig. 6. Continuous recording of the radioactivity over the anterior surface of the heart. The 
counter was “walked” over the base of the right ventricle, the apex of the right ven- 
tricle, the apex of the left ventricle and the base of the left ventricle (right to left 
in the recording). The highest peak is recorded over the base of the left ventricle. 

Fig. 7. Difference in counts between base and apex of the left ventricle during continuous 
infusion of Rb™. 
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Fig. 8. The number of counts per second at different points of the anterior surface of the 
heart, 1, 2 and 5 minutes after ligation of the descending branch of the left coronary 
artery, during a constant continuous infusion of Rb*®. Near the ligation point, the 
number of counts remains the same, while the other points show a continuous increase. 





outer layers of the myocardium. Thus, any discrepancy between the inner and 
outer layers of the myocardial wall will tend to complicate the results. A second 
factor affecting the readings is certainly the different thickness of the myocardial 
wall. Under these limitations the results may be valid for serial determinations 
over any particular area. The comparison between several areas needs subse- 
quent confirmation by measuring specimens in the well-type counter. 

In vivo and in vitro measurements showed a constant difference in the Rb** 
uptake between areas near the apex and areas near the base of the left ventricle. 


There is no first hand explanation for this phenomenon. Large arteries were not 
included at the basal areas measured, but even if this happened the activity of 














Fig. 9. Unipolar epicardial electrocardiograms recorded from several points of the anterior 
surface of the heart, (indicated with numbers) following ligation of the descending 
branch of the left coronary artery. The numbers below the ECG tracings indicate 
the counts over the same areas and at the same time. 
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the blood was not high enough to affect the reading. It can only be stated at the 
moment, that for unknown reasons—mechanical or biochemical—there is a higher 
uptake by the heart muscle at the base of the left ventricle than at the apex of the 
same. 

The difference found between the right and left ventricle agrees with the 
observations of Levy et al (3), Sapirstein (8), Love et al (6), and others. 

An interesting change in the distribution between base and apex of the left 
ventricle was seen in premortal stages, before the appearance of either ventricular 
fibrillation or cardiac arrest. The direction of this change was not uniform. The 
change may be due among other reasons to a different degree of dilatation of the 
ventricles, affecting the thickness of the underlying myocardial wall. 


SUMMARY 


In vivo measurements of the regional myocardial Rb**-uptake were per- 
formed in dogs with the chest open, using a small ophthalmic-counter. Myo- 
cardial tissue specimens from several regions of the ventricular wall were also 
measured in a well-type counter. The preponderance of the left ventricular uptake 
against that of the right ventricle was confirmed. 

Furthermore, a significant difference was observed between the base and the 
apex of the left ventricle, with a higher uptake at the basal regions. No satis- 
factory explanation of this finding can be given. 


There was no uniform premortal change in the distribution of the isotope 
over several regions of the ventricular wall. 
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President's Letter 


THAD P. SEARS, M.D., F.A.C.P. 


Away with plans, operations, budgets and bylaws. Lets talk about cabbages and kings. 
Lets look into our ancestry. 

The Society of Nuclear Medicine, if you pause to analyse it, presents some unusual 
features. The first of these relates to its capacity for growth and the rapid expansion of its 
interests. Certainly this must indicate that the basic motivations for the establishment of such 
a scientific group are sound and significant. 

Next is noted what, it seems to me, may properly be called the dramatic manner of its 
birth. No one denies that the detonation of a nuclear weapon on July 16, 1945, ushered in 
the Atomic Age. The historical background for this event goes back many years; it is much 
older than many Americans appreciate. But the personnel, the techniques and the materials 
of this development were produced during the fabrication of the atomic bomb. The Society 
of Nuclear Medicine stems from these. 

Lastly is seen the conglomerate mixture of scholastic degrees we represent. We have 
Doctors of Philosophy and Medicine; Masters, Bachelors and an important group who read 
instruments and record data. There are medicos, physicists, chemists, mathematicians, biologists, 
engineers and an occasional counselor-at-law. And here’s the rub; we sometimes hear the 
rumblings of an academic contest between these groups, as if all were not dealing with the 
same remarkable unity of the Universe. Scholastic subspecialties are man-made; natural law 
recognizes no such divisions. 

How is it with our ancestry. Beginning somewhere back among the Magi and extending 
through the Egyptians into the Greeks, we find a few inquisitive fellows asking what this 
cosmic perplexity is all about. At the time, most of them were asking who rather than why 
and what, but now and again some chap like Empedocles or Democritus suspicioned that 
quite a lot was going on that did not meet the eye. 

Democritus cooked up void space and some particles and noted that mass and energy 
are eternal. The Egyptians came into the picture with some hard-nosed mathematics and pres- 
ently the alchemists proposed certain propositions that actually were not so queer as they 
sound. John Dalton then set up a law and Prout, a London physician to whom the M.D. 
points with pride, concluded that all elements are multiples of hydrogen. 

Mendelyeev next came upon a Table about which he knew a good deal more than he 
understood. Now comes Réntgen, Becquerel, the Curies, Thompson, Planck, Einstein, Hahn 
and Strassmann to blow up the whole affair into a situation that neither the politicians nor 
the scientists seem able to manage. Rutherford would have eventually explained it all but 
flesh has to be mortal. - 

This is how it is with the physicial scientists. How is it with the medics? While all this 
was going on, mankind began to hurt in his joints and develop backache. This practical con- 
sideration created a universal fraternity. We first had to dismantle the human machine to see 
how it is made and this brought up the question of how all those beautiful organs work. 
This involved us in chemistry and along about 1920, when the chemists began speaking to 
the physicists, we got back to electrons, protons, neutrons, mass-energy relationships and the 
machinations of nucleic acid. We had now come full-circle and arrived back about where we 
started. 

Vocationally, all of us have been distilled out of the same pot. No distinctions are in 
order. A good, classical example of diabetic acidosis differs only in degree from the astronomic 
constitution of Andromeda. This, in turn, throws light on the beauty and rationale of The 
Society of Nuclear Medicine. 

I have had a pleasant interlude up on Cloud 9. The weather is beautiful. Come on up and 
see me sometime; anytime. 
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Gallium-68 as A Scanning Agent for Intracranial Lesions'” 


C. Norman Shealy,’ Saul Aronow, and Gordon L. Brownell 


Boston 


INTRODUCTION 


Radioisotopic brain scanning has been evaluated with a number of agents 
(1-4). Among the most satisfactory have been the positron emitters Arsenic-74 
(as arsenate ), Copper-64 (as versenate), and Mercury-203 (as Neohydrin). Un- 
fortunately these preparations present some technical difficulties and have not 
achieved widespread use. In searching for another positron-emitter, it is neces- 
sary to find one which for use with present equipment has a half-life of at least 
one hour, but has a biological half-life of not more than a few days. Further, 
it should be readily obtainable and incorporable into a chemical form of high 
specific uptake and of low toxicity. Such an element is Gallium-68 with a half-life 
of 66 minutes. It is particularly useful because it emits 85 per cent positrons with 
few non-annihilation gammas. It is a natural decay product of Germanium-68, 
which has a half-life of 250 days. The separation of gallium from germanium is 
simple and can be accomplished with minimal loss of germanium. Such a con- 
tinuous and relatively inexpensive supply of isotope is desirable if the scanning 
test is to become widely used. 


A short-lived isotope such as Ga® is of particular interest for use with 
camera-type detection systems (5,6). These show promise of reducing scanning 
time from the present hours to minutes. Rapid serial scans will be possible but 
require very short-lived tracers. 


METHODS 
A. Separation of Gallium from Germanium 


The Germanium-68 comes to us from the cyclotron in a solution buffered to 
pH 6.4. Germanium-68 decays by electron capture to Ga-®*, and the accumulated 
gallium can be milked off every three to four hours. It is necessary to replenish 


*This work was supported by U. S. Atomic Energy Commission Contract AT (30-1 )-1242, 
and by U. S. Public Health Service Grants B-2377 and CA-03174. 


*From the Neurosurgical Service of the Massachusetts General Hospital, Boston, Massachu- 
setts. 


’Present address: Department of Neurosurgery, University Hospitals, Cleveland 6, Ohio. 
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frequently the free gallium carrier (by adding one milligram of GaCl,) in order 
to obtain satisfactory separation via a solvent extraction. A 35 per cent solution 
of fresh acetyl-acteone in cyclohexane is mixed vigorously for two minutes with 
the germanium solution and yields on numerous tests a 70-80 per cent recovery 
of available gallium in the solvent. The gallium is collected by mixing for two 
minutes with a solution of 0.1 N HCl. It has been our practice to achieve sterility 
by using a milliopore filter at this point. A closed system has been designed to ac- 
complish the entire extraction. The gallium chloride is neutralized with normal 
sodium hydroxide, yielding a solution containing one milligram or less of gallium 
chloride, containing 2-3 millicuries of Gallium-68. No Germanium-68: is carried 
over under these circumstances. 


B. Preparation of Radioactive Compounds 


Gallium versenate: 10 milligrams of sodium versenate in one cubic centi- 
meter is added to the extraction product and the mixture heated for two 
minutes. This is injected intravenously and scanning begun about twenty 
minutes later. At the end of four hours 50-60 per cent of the total dose 
has been excreted through the kidneys. We have not yet had sufficient 
quantity to start scans at one hour which would be desirable. 

Gallium protoporphyrin: The neutralized gallium is added to one milligram 
protoporphyrin (K and K Laboratories, Inc.) and heated for five minutes. 
The solution is injected intravenously and scanning begun 45-60 minutes 
later. 

Gallium phthalocyanate: The neutralized gallium chloride, GaCl,, is added 
to 30 milligrams sodium phthalocyanate in one cubic centimeter solution, 
and after heating for one minute this is injected intravenously. Scanning is 
begun 45-60 minutes later. 

“Ionic” gallium: The neutralized solution is injected intravenously and 
scanning is begun 30 to 60 minutes later. 

Sodium gallate: 1 N Sodium hydroxide is added to the neutral gallium to 
bring the solution to pH9. This is injected intravenously, and scanning 
begins 30 to 60 minutes later. 

Sodium galloarsenate: Neutralized gallium chloride is added to 1 milligram 
sodium arsenate in a strongly basic solution and autoclaved for fifteen 
minutes. 


In all these compounds an excess of chelating agent or of solution is 
present. Purer preparations might be more useful but have not been 
made yet. 


C. Toxicity studies 


Gallium chloride has previously been found by Brucer to have an LD,;, 
for dogs of 18.2 milligrams per kilogram given intravenously. The lethal 
dose for rats was found to be greater than 220 mg/kg. Brucer feels that 
this great species difference makes animal toxicity studies useless in man. 
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Gallium doses (as chloride or citrate) of 8.5 mg/kg to 89.2 mg/kg were 
given to patients with, at larger amounts, development of skin rash, nausea 
and anorexia. Both GaCl, and Ga citrate were found to have greater than 
fifty per cent excretion at 20 hours. It was further found that with Ga-" 
there was no significant differential uptake of the metal by various organs 
until after 24 hours when it concentrates in bone (7). 

The largest dose of gallium used in patients for brain scanning would 
be about 1 milligram (1 milligram of GaCl, is added to the germanium 
solution every three to four separations to insure adequate carrier for the 
very small amounts of radioactive gallium present ). 

Phthalocyanate: Eight mice given phthalocyanate, 428-754 mg/kg intra- 
venously, lived without ill effect for one week. Four mice given 679-800 
mg/kg died overnight. Four adult cats given phthalocyanate 140 mg/kg 
intravenously died overnight. Wrenn, et al (8) have given copper phthalo- 
cyanate to a “large number” of rabbits, mice, guinea pigs, cats, and dogs 
in a dosage of 100 mg/kg body weight with no damage. Frigerio (9) has 
given phthalocyanate to mice with tumors in dosages of 50 mg/kg for ten 
days with no ill effects. 

Sodium gallate: A solution of pH 9.0 containing 8.6 milligrams Ga per 
cubic centimeter was used. Then mice were given this solution intra- 
venously at doses from 125 mg/kg to 300 mg/kg. Only one animal ex- 
pired. Two cats given 40-65 mg/kg lived without ill effects for one week. 


RESULTS 
Experimental Tumor Uptake 


In mice with serially transplanted subcutaneous ependymomas, originally 
produced by methyl cholantherol in the mouse brain, the tumor to brain ratios 
were found as follows: 


Tumor to brain 
Gallium compound No. of animals average ralio 





Ionic Ga 15 6/1 
Ga versenate 15 6/1 
Ga phthalocyanate 8 12/1 
Ga protoporphyrin 6 8/1 
Sodium galloarsenate 5 6/1 


Results of scans: 


A total of 47 scans have been done in 35 patients, all but three of whom 
had copper versenate and/or arsenic-74 scans for comparison. Four of these scans 
were too “light” (too little radioactivity ) for comparison. Scans are rated: type 1, 
definitely abnormal; type 2, probably abnormal; type 3, probably normal; type 4, 
definitely normal. 
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Gallium versenate: 


Gallium versenate 
Arsenic type Total No. Type 1 Type 2 Type 3 Type 4 
Type 1 10 4 4 1 1 
Type 2 1 - 1 - _ 
Type 4 ‘1 - - - 1 


Thus, 2 out of 12 would have had false negative results with this compound. 
The gallium scan in one instance was better than arsenic. 


Copper versenate scans were also done in 2 of these patients with results 
similar to the gallium versenate scans. This is a further suggestion that com- 
pounds chelated to the same agent will cross the blood brain barrier in similar 
fashion. 


Gallium phthalocyanate: 
Six satisfactory scans were done. 


Gallium phthalocyanate 


Arsenic type Total No. Type 1 Type 2 Type 3 


Type 1 4 
Type 2 1 


There was also one type I gallium phthalocyanate scan in a patient who had 
no arsenic scan for comparison. Therefore, one patient in six would have had a 
false negative scan with this compound. 

Copper phthalocyanate was also used in one of these patients, and the scan 
was very similar to that with gallium phthalocyanate. These experiments were 
discontinued after two patients who received phthalocyanate developed undesir- 
able reactions; in one case mild photosensitivity; and in the other a more serious 
focal skin reaction whose mechanism is obscure (10). 


Gallium protoporphyrin: 


Three satisfactory scans were done. All the patients had Type 1 arsenic scans, 
but two of these had Type 3 gallium scans, and only one had Type 1. 


Ionic gallium: 


Four scans were done. All had Type 1 arsenic scans. There were two Type 1, 
one Type 3 and one Type 4 gallium scans in the group. 
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Sodium galloarsenate: 


One scan was done, which was Type 1 in a patient who had also had a 
Type 1 arsenic scan and Type 1 sodium gallate scan. 


Sodium gallate: 
Fourteen satisfactory scans were done. 


Sodium gallate 
Arsenic type Total No. Type 1 Type 2 Type 3 Type 4 





Type 1 11 - 1 
Type 2 1 1 - 
Copper versenate 

Type 1 

Copper versenate 

Type 2 





Two out of 14 had false negative scans with sodium gallate, and two had 
better scans with the gallium than with the arsenic. 


DISCUSSION 


Gallium is a trivalent compound related chemically to aluminum with stable 
salts of 2+ and 3+ valence, but most of these are hydrolysed in solution unless 
kept strongly acidic or basic. The following compounds have been made: GaF, 
(gallium fluoride); fluoride complexes (FaF, * H,O) combined with sixteen 
different cations; gallium halogenates Ga(ClO,) and Ga(BrO,),; (NH,).SO, ° 
Ga.(SO,). * 2Ga,0, * 8H,O; NaH, Ga(AsO,).; Ga(OOCH), * Ga,O, * 5H,O; 
gallium acetate, tartrate, citrate, lactate, oxalate and oxalate complexes; perhalo- 
genate sulfate; nitrite, phosphate, phosphite, hypophosphite, arsenate, formate 
(11). 


Gallium-72 has previously been investigated extensively as a possible thera- 
peutic agent for bone tumors (7). Gallium lactate and gallium citrate, the com- 
pounds mainly tested, were found to be relatively non-toxic. 


In deciding on a satisfactory form for scanning, we initially used gallium 
versenate, as copper versenate had been successful. It is likely that stable versen- 
ate compounds behave very similarly; and as gallium versenate has a stability 
constant twice that of calcium versenate, it is probably fairly stable in the body 
(12). We also investigated gallium protoporphyrin, gallium phthalocyanate, 
sodium galloarsenate, ionic gallium at neutral pH and at pH 9.0. The latter was 
tried in an effort to drive the gallium into the anion as sodium gallate. It is 
possible that one of the reasons that Arsenic-74 as arsenate or arsenite is so use- 
ful is that, in contrast to most other materials used for scanning, this one is an 
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anion. Unfortunately, none of the stable gallium compounds are anions. Our 
consideration of the phthalocyanate (tetra sulfonic acid of phthalocyanine) as a 
chelate began with the observation that trypan blue and Evans blue, both sul- 
fonic acids, are excluded from normal brain but do pass damaged blood brain 
barrier (13). Phthalocyanate metallic complexes are known to be exceedingly 
stable and have been used as food dyes (14). Handler (15) has used copper 
phthalocyanate for a few investigations of brain tumor localization and more re- 
cently Frigerio (9) has found a 5 to 1 concentration of uranium phthalocyanate 
in mouse brain tumors. 


It has been thought that porphyrin is taken up by tumors in larger amounts 
than by normal tissue (11), but previous attempts at tumor localization with 
copper porphyrins were unsuccessful (17). 


As the Gallium-68 itself has a half-life of only 66 minutes, total radiation 
received would never exceed ten Rads, even if it all concentrated in one organ. As 
it is distributed widely and excreted rapidly, individual organs received much less 
than this. 


Mouse tumor/brain ratios are quite misleading as the tumors tested are 
subcutaneous ones and do not include the peculiarities of a blood-brain barrier. 
It was decided quite early that the only effective test is in human beings. Un- 
fortunately, to date only three operative specimens are available, each with 
different compounds. Even in patients, however, tumor to brain ratios are not 
completely reasonable for evaluating the potential effectiveness of scanning com- 


pounds as skin, muscle, bone and blood concentrations greatly influence the scan. 
Theoretically, an ideal compound rapidly concentrates in brain tumors, disap- 
pears from the blood and is poorly taken up by skin, muscle, bone and normal 
brain. Such has not yet been found. 


CONCLUSIONS 


The overall results are encouraging and lead us to believe that it may be 
possible to find a suitable gallium compound for use as a scanning agent. Solo- 
mon has recently reported the prevention of protoporphyrin induced photosensi- 
tivity in mice by previous priming with Evans blue (18). It would therefore 
be of interest to try the same experiments with phthalocyanate. Further work is 
also necessary with larger quantities of radioactivity so that scans may be 
started at longer times after injection. Sodium gallate and sodium galloarsenate 
in particular deserve further evaluation under such circumstances. 


SUMMARY 


Gallium-68 has been investigated as a possible agent for brain scanning. A 
number of compounds were tested and several offer potential usefulness with 
positron cameras. The relative ease of obtaining gallium makes further work 
with it worthwhile. 
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Early Diagnosis of Metastatic Bone Cancer 
By Photoscanning With Strontium-85" 


N. David Charkes, M.D. and David M. Sklaroff, M.D. 


Philadelphia 


INTRODUCTION 


Radiologic detection of metastatic tumor to bone depends in part upon the 
calcium content of bone. Inasmuch as 30-50 per cent of bone calcium must be 
altered before radiologic changes become apparent (1,2), it is clear that diffi- 
culties will be encountered in the early diagnosis of metastatic cancer to bone 
by means of x-ray examination alone. 

Since the first reports of the use of gallium-72 to demonstrate areas of osteo- 
genesis (3,4), interest in the use of radioisotopes for the detection of metastatic 
cancer to bone has increased. A comprehensive review of the clinical application 
of Ga-** was given by Brucer and associates in 1953 (5), and subsequently other 
gamma-emitting radionuclides have been studied (6,7,8). Most recent work has 
centered on radiocalcium-47 (1.31 MeV) and radiostrontium-85 (.513 MeV), al- 
though Fluorine-18 (8) has also been employed successfully for bone tumor 
detection. There are several disadvantages to Ca-** as a scanning agent: (1) its 
high-energy gamma necessitates the use of heavy shielding (9) not present in 
commercial scanners, and (2) high specific-activity Ca-** is costly and is con- 
taminated with Ca-**. Strontium-85 is more favorable as a scanning agent inas- 
much as its gamma ray is readily collimated with existing equipment, and since 
it is reactor produced, its cost is not excessive. 

The metabolism of strontium by bone is similar to that of calcium, although 
quantitative differences of considerable magnitude do occur in renal and gastro- 
intestinal handling of the two elements (10,11). A considerable body of literature 
has accumulated concerning strontium metabolism in animals with regard to the 
problem of Sr-® fallout, and much information is now available in man as well. 


1Presented at the 10th Annual Meeting, Society Nuclear Medicine, Montreal, Canada, 


June 27, 1963. 
*From the Department of Radiology (Nuclear Medicine and Radiation Therapy), Albert 


Einstein Medical Center, Northern Division, Philadelphia, Pennsylvania. 
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The kinetics of strontium metabolism have been studied extensively by Bauer 
et al. (12), by Spencer (11,13) and by others (10,14), and abundant evidence is 
at hand which confirms the value of this nuclide as a tracer of calcium in human 
bone metabolism. 


Calcium-47 has been shown to accumulate in areas of bone metastases in 
amounts greater than in normal bone (6,7,15) even prior to observable roent- 
genographic changes. Gynning et al. have confirmed these findings and have 
shown that Sr-*° can also be demonstrated to localize to a greater extent in 


Fig. 1 This 36 year old female had an abdomino-perineal resection and colostomy 11 months 
previously for adenocarcinoma of the rectum, and recently developed back pain. 
X-rays were negative. Note Sr85 deposition in vertebral column, sacrum, sacroiliac 
joints, acetabula, femoral heads, and colon (arrows). This pattern of distribution is 
normal. Scanned 4 days following 50 ye of Sr85 
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tumor-laden bone than in normal osseous tissue, even when x-rays of the involved 
part are apparently normal (16). It is known that radiostrontium accumulates to 
a considerable degree in osteogenic sarcoma and Ewing’s tumor as well (17). 
Fleming and his associates were the first to utilize the photoscanning technique 
for the display of strontium deposition in human bone (18). Subsequently, 
Corey et al. have described a scanning method which utilizes a scaler with digi- 
tal print-out rather than a count rate meter with digital and/or analog display 
on a photoscan (19). Sklaroff and Charkes have recently described the use of 


Fig. 2 Scan of dorsal spine of 42 year old female with history of radical mastectomy for 
carcinoma and pathologic fracture of left ischium. Note markedly increased Sr85 
deposition in C-6, 7; T-3,5,6,7,10 through L-2. Patient had no pain and roentgeno- 
grams were negative at time of scan. Back pain later developed and responded to 
x-ray therapy. 
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the photoscan for the detection of metastatic cancer to bone and have demon- 
strated that early lesions (prior to observable roentgenographic changes) can be 
detected by this method (20). Existing commercial equipment was utilized, and 
bone biopsies were obtained in several cases to establish the validity of the 
technique. 

The present report describes the use of the Sr-®> photoscan for the detection 
of bone metastases in 90 patients with proven cancer and with suspected or 
demonstrable bone metastases. In many instances, confirmed by bone biopsy, the 
scan revealed areas of tumor-laden bone although roentgenograms of the same 
parts were interpreted as normal. 


METHOD 


Strontium-85 was obtained from Oak Ridge! in the form of the nitrate, with 
specific activity of 2,720 mc/gm or greater. Purity was greater than 98 per cent, 
with less than 1 per cent Sr-*®. Sr-®° has a half-life of 64 days and decays by elec- 
tron capture to Rubidium-85, emitting a single gamma photon of 0.513 MeV in 
the process. There is no associated particulate emission, and the internal conver- 
sion coefficient is less than 1 per cent. As a result, the radiation dose to bone from 
a 50 pe dose is primarily from the gamma photons in bone. We have calculated 
this dose to be approximately 0.80 rads, and the whole body dose 0.34 rads. 


We have employed the Picker Magnascanner exclusively for these studies. 
This instrument is equipped with a 3 x 2 inch sodium iodide (TA) crystal, 19- 
hole focusing collimator, and pulse height analyzer. 

Background cut-off level is determined by positioning the probe over a non- 
osseous portion of the body, such as the loin, and the activity of a normal joint 
(e.g., sacroiliac) establishes the maximum count level. Impulses between these 
limits are appropriately enhanced. These settings assure visualization of normal 
radiostrontium distribution, on which tumor “hot-spots” are engrafted. 

Display is both on Teledeltos paper and on clear x-ray film (photoscan). It 
is more convenient to read the photoscan but both read-out methods are em- 
ployed for diagnosis. 

Fifty microcuries of Sr-*° are administered intravenously and the patient is 
scanned in 24-48 hours. This allows up to fifty per cent of the body strontium 
content, which has not been deposited in bone, to be excreted by the kidneys 
and bowel (7,10,21) and therefore lowers the background activity. Satisfactory 
scans may be performed within 45 minutes of injection, however (21), because 
of the rapid accretion rate of bone (14,21). Prior to scanning the pelvis or lum- 
bar spine thorough bowel cleansing with laxatives and enemas is mandatory. 
Even with these precautions, count rates over areas of active osteogenesis are 
well below 1000 cpm, and frequently are no greater than 50 per cent of back- 
ground (200-400 cpm). It is, therefore, necessary to employ slow scanning speeds 
(10 to 16 cm/min) in order to achieve satisfactory scans. Localization roentgeno- 
grams are obtained by use of orthoradiograms at a 6-foot distance. 


*Through E, R. Squibb & Sons, Inc. 





CHARKES AND SKLAROFF 
TABLE | 
CORRELATION OF SR—® SCAN AND ROENTGENOGRAM 
Sr- Scan 
Roentgenogram Pos. Neg. 
Positive 35 4 


Negative 11 40 


RESULTS 


To date, 90 patients with proven cancer and suspected or proven bone 
metastases have been scanned with Sr-**. With the dose employed, 50 yc, osteo- 
genic activity can normally be demonstrated in the vertebral column, the ends of 
long bones, and in certain joints such as the sacro-iliac articulation, the aceta- 
bulum, and the glenoid fossa (Fig. 1). An appreciation of the pattern of normal 
Sr-*° localization is therefore necessary in order to evaluate abnormal isotope 
accumulation. 

In 35 patients, both the x-ray and the scan were positive for tumor infiltra- 
tion (Table I). In most patients there was close correspondence between the two 
techniques, but in certain instances the scan appeared to demonstrate more 
extensive disease than was apparent on x-ray (Fig. 2). Bone biopsies of 12 of 
these patients all revealed the presence of tumor in the areas found to be positive 
on the scan. It is therefore apparent that the Sr-*° scan is capable of detecting 
metastatic cancer to bone perior to observable roentgenographic changes. 


TABLE II 
CORRELATION OF SR—* CONTENT OF BONE WITH PHOTOSCAN 


Sr—* Content of Bone 
Site of Time to Histo- Sn ————————— 
Patient Primary Biopsy pathology* % Administered 
(days) muc/gm** Dose x 10°/gm 


Ad Breast Tumor 15.0-77.6 34.5-178.0 
Go Eosinoph. 6 Tumor 6.88 36.7 
Granuloma 
Sh Breast Tumor 9.14 20.0 
Ni Colon Tumor 4.82 11.1 
Le Colon Tumor 2.09 4.6 
We Lung " Tumor 0.99 2.1 
Zo Colon ‘ Neg. 0.67 1.4 


*All tumors same as primary 
**At time of biopsy 
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In 11 patients the scan was positive and the roentgenogram negative. Bone 
biopsies in four of these patients also revealed the presence of metastatic cancer 
in each case (Figs. 3, 4). 

In 40 patients with negative roentgenograms but with pain suspected of 
being due to metastatic cancer, the Sr-*° scan did not reveal abnormal isotope 
distribution. Bone biopsy was obtained in one of these patients. 

In six patients the scan failed to reveal lesions that could be demonstrated 
roentgenographically. Five of these six patients had bone biopsies performed. 
Three of these cases were reticulum cell sarcoma, one metastatic carcinoma of 
the breast, and one anaplastic carcinoma of the lung. The sixth patient, who was 
not biopsied, had had cancer of the breast with metastases to other parts of the 
body. 

In seven of the 14 patients in this series who underwent bone biopsy, speci- 
mens of bone and tumor were available for determination of Sr-*° content (Table 
II). In patients in whom the scan was positive, at least .002 uc of Sr-®° per gram of 
bone was deposited, which amounted to 0.0046 per cent of the administered dose 


Fig. 3a. Skull film of 57 year old male who noted a mass in left occipital area. Biopsy re- 
vealed a meningioma, and roentgenogram (above) showed typical but minimal 
changes characteristic of this tumor (arrow). 
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per gram of bone. In one patient multiple biopsies were taken, and levels up to 
40x this concentration were found. In another patient, with a small osteolytic 
rib lesion due to metastatic anaplastic carcinoma of the lung and negative scan, 
the Sr-* content of bone was .001 »c/gm, which amounted to .0021 per cent 
of the administered dose/gm. 

One patient with metastatic carcinoma of the colon was evaluated for back 
pain by means of Sr-®> photoscanning. A suspicious lesion in or about the right 
wing of the ilium was noted on scan, and a bone biopsy was obtained. The Sr-* 
content of this bone was less than had been found in any other patient (Table II) 
and the histopathologic report on this specimen revealed that no tumor cells 
were seen. Review of the photoscan demonstrated that the cecum overlay the 
ilium in this area, and a repeat scan revealed that the “lesion” had disappeared. 
This patient had not been prepared by bowel cleansing prior to scanning, so that 
fecal strontium had been detected. Subsequently, with the precaution of proper 
preparation of the patient in every case, this type of problem has been greatly 
minimized. 

In no case where tumor was counted in the absence of bone was any stron- 
tium-85 detected (excluding osteogenic sarcoma ). 


Fig. 3b. Same patient as figure 3a. (left): Scan with Hg-2°3 chlormerodrin reveals marked 
uptake by tumor (arrows). (right): Strontium-85 scan shows extensive uptake by 
cranial vault in left parieto-occipital area (arrows). Corresponding Hg-293 chlor- 
merodrin localization has been drawn in with dotted lines. Subsequent neurosurgical 
exploration confirmed the extensive invasion of bone by the tumor as depicted on 
the strontium scan. 
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In order to evaluate the comparable size of tumor lesions on scan and x-ray, 
a phantom study was undertaken. A veal leg was sawed in a frontal plane, and 
%” holes drilled in one half. Small test tubes containing Sr-** in amounts com- 
parable to those found in certain metastases were inserted in the holes, and the 
remaining half of the veal leg was replaced in order to simulate normal bone 
absorption and scatter. The leg was then scanned using settings comparable to 
those employed clinically, and a roentgenogram was taken (Fig. 5). The results 
indicated that the scan volumes closely approximated the known diameters of the 
solutions, and that therefore the resolution of the method was good. This can also 
be demonstrated clinically, as in the close approximation of a rib scan to a 
pathologic fracture with callus formation (Fig. 6). 


DISCUSSION 


The results of this study confirm the reports of other investigators (7, 15, 
16,19) that Sr-*° is capable of detecting metastatic cancer to bone. The advantages 


Fig. 4 This 54 year old male underwent colon resection three months previously for car- 
cinoma, and recently developed pain in sternum. Roentgenograms were negative. Sr-“ 
scan shows marked accumulation of isotope in body of sternum (arrow). Bone biopsy 
revealed metastatic adenocarcinoma. Note slightly increased strontium deposition in 
right shoulder joint (normal). 
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of the photoscanning method stem from the method of display, since other types 
of scanning or external counting (7,15,16,19) are equally successful. Inasmuch 
as the method we have described utilizes currently available commercial equip- 
ment, its applicability is universal. 

The bone biopsy method which we have employed to verify histologically 
abnormalities of Sr-®° deposition on photoscan lends added weight to the validity 
of the technique. Previous investigators have relied upon subsequent roentgeno- 
graphic changes for substantiation (7,16). Although this latter method is of value 
for long-range studies concerned with evaluation of the technique, we have found 
the photoscanning method to be of such immediate applicability that it has 
already become a standard procedure in our institution. Not only is it of value in 
diagnosis, but the radiation therapist has been able to plan his treatment portals 
more effectively as a result of this added knowledge concerning tumor location. 

Negative scans have been obtained in four patients with positive x-rays and 





Fig. 5 Roentgenogram (left) of veal leg containing %” holes, in which test tubes of Sr-* solu- 
tions have been placed. (Right). Photoscan of preparation superimposed on test tube 
outline. Sr- solutions contain (top to bottom): 0.20 uc in 5 ml; 0.16 ue in 4 ml; and 
0.12 ue in 3 ml. 
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in two additional patients with other scan-positive areas. It is of interest that all 
three of our patients with reticulum cell sarcoma fell into this category. In one 
other patient, a small, osteolytic rib metastasis was missed, but we have not to 
date found a negative scan in any area of pathologic fracture with callus forma- 
tion, whether in a rib or elsewhere. With the dose employed (50 uc) and the 
line spacing which we routinely use (0.4 cm) it is possible to miss certain small 
areas such as osteolytic rib metastases unless fracture with callus formation has 
occurred, Osteoblastic reaction has been noted in wide variety of metastatic 
tumors and in primary bone tumors as well. Two patients with metastatic thyroid 
carcinoma to bone had very little osteogenic reaction. 

It is of interest that both osteolytic and osteoblastic metastases may give 
positive scans, although all of our negative scans were obtained in patients with 
osteolytic lesions. It is apparent that the roentgenogram, which depicts the net 
local calcium balance, may not reflect increased accretion and resorption when 
they occur simultaneously. The scan therefore supplements the roentgenogram 
by depicting areas of augmented osteogenesis, and the combination of the two 
techniques affords maximum knowledge of local bone metabolism. 





ie | 
Fig. 6 46 year old female with widespread metastatic breast cancer to bone. (left): Patho- 


logic fracture of left 6th rib with callus formation. (Right): Sr-° scan superimposed 
on roentgenogram. Note close correspondence of scan volume and that of fracture site. 
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The bone dose from 50 ye of Sr-*> has been calculated by Fleming and 
associates as approximately 2.3 rads. Inasmuch as the bone dose (and the body 
dose as well) is primarily from the gamma photons (a 13 kev x-ray is also emitted 
in Sr-* decay), it is apparent that estimation of the geometry factor g will play 
an important role in calculation of the radiation dose. Fleming et al. have appar- 
ently used a whole-body gz of approximately 125. Calculation of the bone dose 
with estimated values for bone composition given by the International Commis- 
sion on Radiological Protection (22) gives a radiation dose of 0.80 rads per 
50 ze. It is apparent, therefore, that the calculation of Fleming et al. represents 
a maximum dose, whereas ours is a minimum dose. 


SUMMARY 


Photoscans of bone utlizing 50 yc of strontium-85 have been made in 90 
patients with cancer, with proven or suspected metastases to bone. In 11 patients 
the scan was positive and the x-ray negative, and in 75 other patients there was 
good agreement between the scan and the roentgenogram. The scan, however, 
frequently showed greater involvement than was apparent on x-ray. These results 
were confirmed by bone biopsy in 14 patients. Phantom studies were carried out 
which indicated that there is good correlation between the scan and known 
isotopic volumes within bone. Bone tissue counts of radiostrontium content were 
also correlated with biopsy findings and lend further support to the validity of 
the method. 


It is therefore clear that the Sr-*> photoscan can detect early metastatic can- 
cer to bone prior to observable roentgenographic changes. Not only have these 
scans been of value in diagnosis, but they have allowed the radiation therapist 
to plan treatment portals more effectively. 


ADDENDUM 


Since this paper was submitted for publication, a negative Sr-85 scan was 
obtained in a patient with widespread osteoblastic metastases from breast car- 
cinoma on roentgenogram. The disease was stationary 7 years post-operatively 
and the patient asymptomatic. No systemic therapy had been administered. 
Similar findings have been previously reported with calcium-47 (Greenberg, E., 
in discussion of “Sr-85 and Ca-47 in the Study of Bone” by G.C.H. Bauer, in 
Radioisotopes and Bone, F. C. McLean, P. Lacroix, and A. M. Budy, eds. Phila- 
delphia, 1962, F. A. Davis, p. 102). 
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A Diagnostic Score Useful for Evaluating the 
Renogram of Hypertensive Patients’ 


Philip C. Johnson, Jr., M.D. and D. Dwight Odom, M.D. 


Houston, Texas 


INTRODUCTION 


Since 1956, the radioisotope renogram has been presented as a procedure 
useful in diagnosis of renovascular disease (1-8). However, clinical studies have 
shown defects in the renogram which could seriously restrict its diagnostic value 
(9,10). Various modifications and refinements have been suggested to improve 
the usefulness of the renogram but to date few clinicians would rely on it as 
the only screening test for evaluating the hypertensive patient. 

Several attempts have been made to improve the clinical effectiveness of the 
renogram by quantitating portions of the curves (8,10-12). A recent article on 
this subject concluded that “the normal range is sufficiently wide to interfere with 
the use of the renogram in its present form as a reliable screening test for un- 
ilateral renal disease” (10). 

Because of the uncertainties encountered when the renogram is used in the 
diagnosis of renovascular hypertension, we set out to develop a clinical scoring 
system which could be used to evaluate the renogram. This system was formu- 
lated by reviewing the renograms and hospital records of 50 hypertensive pa- 
tients. Using the clinical scoring system devised from these records, the study 
was expanded into a review of all renograms performed for hypertensive patients 
during the last six months of 1962. This review included 183 renograms. The 
results obtained using the scoring system in the last 79 patients were indentical 
to those obtained from the first 50 patients used to develop this scoring system. 
The results were combined therefore, and are the subject of this report. 


METHODS 


The renograms were recorded using 2 inch diameter sodium iodide scintilla- 
tion crystals and photomultipliers,? ratemeters and a 5 mv dual pen rectilinear 
servo-recorder.* Special detector stands were made for this purpose.* The 
crystals were recessed one inch within 6 inch long and 1 inch thick cylindrical 
lead shields.? The shields were placed against the patient’s back with the medial 
edge of the shields one-half inch from the midline. To insure equal recorder de- 


‘Department of Medicine, Baylor University College of Medicine and Radioisotope De- 
partment, The Methodist Hospital, Houston, Texas. 

*Tracerlab P-20, SC 79 and P-10A, Waltham, Mass. 

®Texas Instruments, Houston, Texas. 

‘Kim Manufacturing Co., Houston, Texas. 
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flection for equal dose, the sensitivity of each channel was adjusted prior to each 
renogram using a standard Cesium-137 source. An integration time constant of 
0.05 seconds was used. The recorder paper ran 12 inches per hour. Each pen of 
the dual pen servo-recorder was set to zero radioactivity at the opposite edge of 
the paper. On the resulting record, the two curves tend to meet at the center of 
the paper. 

We consider it important to locate exactly each kidney prior to testing. The 
patient is seated in the special chair shown in Figure 1. A dose approximating 10 
pe of I'5! hippuric acid was injected intravenously with the ratemeters set at a 
scale factor of 100K and the recorders running. Approximately five minutes later, 
the detectors were moved up and down the patient’s back to locate the area of 
highest count rate. The detectors were locked over this area. From the height of 
the tallest test curve, a dose was calculated which would cause the final curve 
to go exactly half way across the final record. This prevents overlapping of the 
curves yet produces easily interpreted curves of maximum height. The doses 
ranged from about 50 to 100 ue of I'*! with a mean of about 70 yc. The rate- 





Fig. 1. The chair used for the renogram is a converted lawn chair mounted on a hydrolic 
lift. The sturdy detector stand allows accurate placement of the detectors and heavy 
shielding. 
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meter scale factor was increased to 600 K, each recorded pen was zeroed to the 
base line at the edge of the paper and the recorders started. The calculated dose 
was given intravenously taking care to refill with blood the empty syringe as it 
lay in the vein. This blood was immediately re-injected to complete the injection 
of the dose. The arm was raised above the head momentarily to prevent the 
radioactivity from being trapped at the injection site. The curves were recorded 
until the excretory phase reached 50 per cent of the peak height or for 20 minutes 
if excretion had not occurred by that time. At the end of the renogram, the de- 
tectors were moved to the upper chest area to determine the radioactivity re- 
maining in the blood. The recorder deflection produced by the remaining blood 
radioactivity is always lower than the values obtained over the kidney. If it is 
not, it shows a non-functioning or absent kidney. 

The state of hydration obviously influences the excretory rate which in turn 
decreases the time taken for the curve to reach a peak value. The renograms were 
done without preparation of the patient. However, when a renogram showed 
borderline results or the curve was too short to allow accurate measurement, the 
renogram was repeated with the patient having been dehydrated over night. A 
typical curve is shown in Figure 2. The following measurements were obtained 
from each renogram curve. 

a. Time to Peak: Time from the point when the radioactivity increased to 
the highest point on the curve. 


RENOGRAM 
3.4 MIN. 
‘NORMAL HYDRATION PEAK 
TIME 











BLOOD LEVEL ; 
| ' 16.8 MIN. ou i 
La 


50% PEAK 





Fig. 2. This typical curve shows the wide line obtained when one uses a short time constant. 
Three times: time to peak, time to 75 per cent and 50 per cent of peak height and 
the height the peak reaches above the base line are recorded as part of the analysis 
of the renogram. The above curve shows a conspicuous vascular spike. 
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b. Height: Distance from the baseline to the peak. With the time constants 
used, the lines drawn by the recorder pens are approximately 0.3 inches wide. 
The height was measured to the middle of this line. 

c. Time to 75 per cent: The time taken for the curve to reach 75 per cent 
of peak activity, again the mid-point of the renogram line was used. 

d. Time to 50 per cent: The time taken for the record to reach 50% of the 
peak height. 

e. Angle: The angle each concentration phase made with the baseline was 
measured with a protractor. 

From each set of values, a ratio was calculated by dividing the value of the 
left curve by the corresponding value from the right curve. In addition to these 
ratios, two other features of the curves seemed important and useful in the evalu- 
ation of renovascular disease. These were: the vascular spike, which is a monen- 
tary sharp increase in radioactivity occurring immediately after injection and 
shown in the renogram of Figure 2. Its presence shows that the initial level of 
radioactivity included in and surrounding the kidney or perhaps passing through 
the kidney is greater than the radioactivity retained within the kidney. A mis- 
placed detector will increase the vascular spike. A second point was failure of 
either curve to reach 50 per cent of the peak value within 20 minutes. 

The renograms used in this study were obtained as part of the diagnostic 
studies of hypertensive patients. The renograms were performed and reported 
prior to all other studies and without knowledge of the patient’s clinical status 
or of the results of the other studies. The clinical classification of the patients 
was made primarily by the vascular surgeons but with the assistance and con- 
sultation of the renal section of the Department of Medicine. The final opinion, 
as written in the discharge summary was taken as the only criteria for classifica- 
tion. Their decision was made from the clinical history and physical examination 
and the results of routine laboratory studies, arteriograms, intravenous pyelo- 
grams, and kidney function tests. Split function studies were performed on those 
patients in whom renovascular hypertension was strongly suspected by the at- 
tending physician. Pressure gradiants across the lesion were invariably measured 
during surgical repair of the renal arteries and a gradiant of over 15 mm. was 
considered diagnostic of significant stenosis. The charts of 129 patients who had 
183 renograms and 104 arteriograms were reviewed and divided into four cata- 
gories: (1) normal, (2) unilateral right renovascular disease, (3) unilateral left 
renovascular disease, (4) bilateral renovascular disease and (5) bilateral paren- 
chymal disease. 

RESULTS 

Our results showed that hypertensive patients, free of clinically detectible 
renovascular disease, had renogram curves which were included in the ranges 
shown in Table I. We chose hypertensive patients to establish a standard range 
rather than healthy adults, because it afforded a comparison similar to that con- 
fronting a physician in the diagnosis of hypertension. This widens the range, 
since normal subjects generally excrete the hippuric acid more rapidly, shorten- 
ing their curves. Analysis of these results did not show a consistent difference be- 
tween the right and left renogram curve. We have found that the rate of urine 
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flow changes these ranges. The changes produced by various states of hydration 
may be compensated for by comparing the two records to each other as a ratio. 
The range for these ratios are shown in Table I. The greatest difference between 
the two curves was seen in the concentration angle. The normal range and ratios 
include at least 65 per cent of the values obtained from curves of the patients 
free of renovascular disease. Statistical analysis of the normal range was not used 
because the normal values did not show a normal distribution. This has been 
noted by others (10). 
TABLE | 


CRITERIA OF NORMALITY 


Normal Normal 

Range Ratios 
Minutes to Peak 1.5— 5.5 0.8—1.2 
Minutes to 75% 3.1— 8.7 0.8—1.2 
Minutes to 50% 15.0 —20.0 0.8—1.2 
Peak Height 0.7—1.3 
Concentration Angle 9 .0°—57.0° 0.6—1.4 
Vascular Spike None 


From these values, a scoring system was developed. Each ratio not within 
the set limits was given one point. Each vascular spike seen was given one point, 
and the failure of either curve to reach 50 per cent of peak value in 20 minutes 
was given one point. We defined an abnormal renogram as three points or more. 
Two points was a borderline renogram and one point or less was a normal 
renogram. 

Using the scoring system, the results obtained are shown on Table II. 


TABLE II 
REsuLTs UsinG NORMALITY CRITERIA 
Number of Percent of 
Renograms Renograms 
Correct Interpretation 164 89.6 
False Positive 5 ae | 
False Negative 
Unilateral Stenosis 3 1.6 
Bilateral Stenosis 6 a. 
Parenchymal Disease 5 2.7 


One-hundred eighty-three renograms were performed. Of these, 164 renograms 
gave results which correctly diagnosed the clinical problem. Nineteen renograms 
gave results which were misleading. 

When these results were analyzed on the basis of patient’s diagnosis, the 
results shown in Table III were obtained. There were 18 patients in whom incor- 
rect or borderline results were obtained. 

We made it a practice to repeat borderline results. Because of borderline 
renogram results, the test was repeated in 8 of these patients using a different hy- 
dration state. In each patient, a correct interpretation could be made from the 
second renogram. The 11 remaining patients with false positive and false negative 
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TABLE III 
AGREEMENT BETWEEN RENOGRAM AND CLINICAL DIAGNOSIS 


Entire Group 


Percent of 
No. Total Patients 

Correct Results 

Initial Renogram 110 85.0 

Subsequent Renogram 118 91.5 
False Positive 4 3.4 
False Negative 

Unilateral Stenosis 3 2.4 

Bilateral Stenosis 2 1.6 

Parenchymal Disease 2 1.6 


renograms were not tested again because the renograms were either obviously 
abnormal or well within normal limits. The false negative results were evenly 
divided among the various sub-categories. 

The percentage of each group who were included in the normal range for 
each category in the scoring system is shown in Table IV. This Table emphasized 
several features in the interpretation of the renogram. If we were to use only one 
ratio for diagnosis, the percentage of false positive and false negative renograms 
would be greatly increased. As an example, 85 per cent of the ratios of the time 
to the peak gave values within the normal range when renovascular disease was 
not present and 36-48 per cent of the curves gave normal values when renovascu- 
lar disease was present. The 50 per cent excretion value of seventy-four percent of 
the curves obtained from hypertensive patients without known renovascular dis- 
ease were within our normal range, still 26 per cent were not. If height only were 
used, as has been suggested by some, 53 per cent of the renograms from patients 
with right renal artery lesions would be called normal renograms. 


TABLE IV 
PERCENT OF HYPERTENSIVE PATIENTS IN NORMAL RANGE 
Other causes Renovascular disease 
of hypertension Rt. Lt. Bilateral 
Number of 
Patients 63 i) 22 27 
Curve Criteria ‘ Percentage 
Peak 85 36 41 48 
75% 87 29 23 30 
50% 74 18 4 15 
Height 87 53 32 59 
Angle 87 47 50 41 
Spike 71 35 27 15 
All Criteria 
Combined 94 6 9 7 


The percentages within the normal range show similar values for both unilateral 
and bilateral disease. This suggests that the degree of envolvement in bilateral 
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disease is usually asymmetrical and it suggests further that the renogram may not 
be able to separate unilateral from bilateral renovascular disease. It has been our 
experience that this is true and that we may misinterpret the side of maximum 
involvement in bilateral disease. 


DISCUSSION 


Our results show that a renogram can be a highly effective means for evalu- 
ating hypertensive patients when the interpretation of the renogram includes a 
scoring system such as devised here. The method used has several features unlike 
those of published technics. First, the patient is sitting up rather than lying 
down. We prefer the sitting position because it simplifies the injection and facil- 
ities emptying of the dose from the arm. Our experience has shown that a slow 
injection obscures the vascular spike. Second, the areas of radioactive concentra- 
tion are located at the time of the test. In certain patients, the kidneys are highly 
mobile and we have found kidneys located nearly in the pelvis which were found 
in the normal position in the routine intravenous pyelogram. Failure to obtain 
accurate location of the kidney may account for the variability noted by some 
investigators. Our method eliminates the need for prior x-ray examination of the 
kidney. Third, a test dose is used rather than a dose related to patient size. This 
partially eliminates the height of the curves as an absolute index or renal mass 
or function but it does facilitate measuring the distances on the curves. Fourth, 
a high counting rate of 300K/minute is used to obtain a better averaging of the 
radioactive counting rate. We have not found it possible to locate accurately 
the area of maximum radioactivity using the scale factors of 30K or less be- 
cause the statistical fluctuation in count rate was great enough to obscure the 
area of maximum radioactivity. 


The importance of precise placement of the renogram detectors can not be 
overemphasized. We have tested this by using three detectors, one over each 
kidney with the third detector placed immediately medial, lateral, cephalid or 
caudad to one of the two kidney detectors. To do this, we have designed a spe- 
cial shield which encloses the two detectors. Their centers were thus only 2 
inches apart. Comparisons of the ratio obtained by comparing the curve of this 
misplaced detector with the curve from the detector centered over the contra- 
lateral kidney showed ratios outside of the normal range when the ratio between 
the two detectors correctly centered over each kidney were within the normal 
range (13). Similar experience has been reported in the literature (11). 


Various technics have been used to locate the kidneys to insure proper place- 
ment of the detectors. Winter (16) has cautioned that the detectors must be 
precisely located over the kidney for a valid test. He and others use a roentgeno- 
gram of the abdomen or an intravenous pyelogram to locate the kidneys 
(5,6,8-12). The kidney is a highly mobile organ which in many patients may 
move several centimeters with change of position. This has been recognized by 
at least some authors who specify upright x-ray views for renograms done in the 
sitting position but neglected by others (4, 9, 12). Whether an x-ray obtained 
under different conditions and at a different time is an adequate means of lo- 
cating the kidney has yet to be proven. Nordyke and others have reasoned that 
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obtaining a preliminary x-ray is time consuming, costly and produces a radiation 
exposure greater than the renogram (14,15). They have used a blind technic re- 
lying on wide angle collimators to preclude the need for accurate location of 
the kidneys. Wide angle detectors obviously would not have to be positioned 
accurately. But since they monitor large areas and blood volumes around the 
kidneys, the initial vascular spike might tend to be more closely related to the 
surrounding area than of the kidney. Tauxe located the kidneys by determining 
the point of highest count rate during the early part of the concentration phase 
(7). In this way, his method is similar to the one used here. However, a misplaced 
detector ordinarily shows a more prominent vascular spike than that seen when 
the detector is correctly centered over the kidney area. It is true, also, that a 
curve from a slightly misplaced detector will show a lower peak concentration 
than a detector placed over the kidney. Because of these reasons, we have chosen 
to locate each kidney in a more leisurely fashion during a preliminary test so 
that artifacts will not be produced by movement of the detectors in the early 
part of the final record. 

Tauxe stated that the most consistent finding in renal artery disease is a 
delayed excretion, the next most common, the peak height and concentration 
angle and third, a diminution of the height of the vascular spike (7). Each of 
these features of the renogram are used in the scoring system used here. Others 
have stated that small differences in the vascular spike and excretion phase are 
unimportant when compared to the more sensitive concentration phase (14). 

Pircher et al, have listed 28 parameters which could be used to analyze 
renogram curves (10). They concluded that the peak (maximum) heights, the 
height of the curves fifteen minutes after injection and the time between the in- 
jection and the peak height were the parameters which showed normally dis- 
tributed values and variances which were not prohibitively large. Ratios such as 
used in our scoring system were not used, although they did analyze the absolute 
differences between similar values obtained from the two curves. Our data 
showed also, large variances and because of this we chose to use ratios of the 
right and left value rather than the numerical value of differences between the 
values. A ratio of the values from each curve would tend to correct for variation 
in hydration state and excretory rate. Using the published results of Pircher et 
al, obtained from patients with renovascular disease, we calculated ratios similar 
to those used on our scoring system. When we did this, we found that 8 of the 
13 patients had abnormal time to peak ratios. Eleven of the 13 patients with 
renovascular disease (84%) had two or more ratios beyond our normal range. 
When the values from the individual renogram curve were compared, only 7 
patients had two or more values from either the right or left curve outside of 
our normal range. This tends to confirm the usefulness of ratios. 

The better than 90 per cent correct diagnosis using the scoring system com- 
pares to an 80 per cent correct interpretation by Poker et al (9), and 75 per cent 
correct diagnosis found by others. (8) Using a ratio between the curves rather 
than absolute values, Block et al, found no false negative results in 15 patients 
with surgically explored unilateral renal disease and no false negatives among 25 
patients without unilateral lesions. These results were superior to that of the 
Howard Test and the intravenous pyelogram (5). This is different from others 
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(8,9) who did not use ratios but found other tests of renal function more reliable 
than the renogram. 

Caution should be exercised in comparing the results obtained here with 
other methods of performing and interpreting the renogram. Many factors other 
than renographic technic and the method of data analysis might explain the dif- 
ferences in results obtained. Further comparisons must be made before this ap- 
proach can be considered equal to or superior to that reported by others. 


SUMMARY 


1. We have presented the values obtained from analysis of renograms per- 
formed as part of the diagnostic work-up of hypertensive patients. 

2. From these results, a scoring system has been devised which is useful 
in separating renal artery stenosis from other causes of hypertension. 

3. Where this scoring system is used, we obtained 5 per cent false positive 
and 6 per cent false negative renograms. 
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The Value of Brain Scans in the Management 
of Suspected Intracranial Lesions’. 


James T. McClintock, M.D.? and Glenn V. Dalrymple, M.D.* 
Denver 


ABSTRACT 


Review of 111 brain scans done at the University of Colorado Medical Cen- 
ter before March 1963 showed 30 patients who had surgical or autopsy proof of 
space occupying, intracranial lesions. Of these 30, 21 were correctly diagnosed, 
and 9 were missed. There were 22 positive scans, of these 21 were in patients 
from whom histologic proof was obtained, and 1 was lost to follow up. These 
results suggest the following: 

1.) Positive scans can be used to make a diagnosis of intracranial le- 
sions with a high degree of reliability. 

2.) Negative scans do not exclude the diagnosis. 

3.) Scans are most valuable when used as a screening technique. 


INTRODUCTION 


Brain scanning requires expensive equipment and exposes patients and per- 
sonnel to ionizing radiation. There must be some benefit gained from the proce- 
dure, not available from more conventional techniques, to justify the expense 
and exposure. The purpose of this report is to discuss the value of this examina- 
tion as the earliest special diagnostic technique. 


INSTRUMENTATION 


A Picker Magnascanner with a thallium activated sodium iodide crystal, 
focusing collimator and both dot-and photo recording was used. The pattern 
of scanning was rectilinear with a rate of travel of 28 cm/min. and 0.4 cm separa- 
tion of sweeps. Scans were made in planes parallel to both coronal and sagittal 
planes. The background range differentiation was 40 per cent on the photo re- 
cording and 8 per cent background cut off on the dot recording. 


‘From the University of Colorado Medical Center, Department of Radiology, Denver, 
Colorado. Presented at 1963 Resident-Interne Clinics, University of Colorado Medical Center, 
May 24, 1963. 

*Resident in Radiology, Denver General Hospital, Denver, Colorado. 

‘Instructor in Radiology and Director of the Clinical Radioisotopes Laboratory, University 
of Colorado Medical Center. 
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TECHNIQUES 


a.) Neohydrin — Hg”**, 10 microc/Kg body weight, was given intravenously 
and scans made 4 hours later. A commercial mercurial diuretic (non-radioactive ) 
was given intramuscularly 24 hours before the examination to protect the kidneys 
(1,2). 

b.) [81 HSA, 5 microc/Kg body weight, was given intravenously and scans 
made as soon as possible, at 24 hours, and 48 hours after injection. Saturated solu- 
tion of potassium iodide, 10 drops by mouth in the adult, was given 24 hours 
before the examination to block the thyroid (4,6). 

Because the gamma photon emitted by Hg? is in the optimum energy 
range for efficient detection, and because the effective half life of Neohydrin — 
Hg*®* is very short, this compound was preferred for the procedure (1, 2,3). 


METHODS AND MATERIALS 


The scans of all patients referred to the radioisotope laboratory for brain 
scans are included in the study. All scans were reviewed by several staff radiolo- 
gists, all familiar with the procedure. Only 1 scan originally interpreted as nega- 
tive was considered positive on review. A positive diagnosis of a space occupying, 
intracranial lesion was made only from evidence of an abnormal, fairly well lo- 
calized increase in the concentration of the radioactive material. Areas of de- 
creased concentration were not considered significant. 


RESULTS 
Of the 111 brain scans made, 22 were considered positive. All but 1 had 
histologically proved intracranial lesions at surgery or autopsy. This patient left 
TABLE I 
SUMMARY OF ALL BRAIN SCANS 


SURGICALLY PROVED LESIONS 


Positive Scans 21 
Negative Scans 9 
Total 30 
All Scans 
Positive Scans 
With Proved Lesions 21 
False Positive 
Total 22 
Negative Scans 
With Proved Lesions 9 
Surgically Negative 
Clinically Negative 77 
Total 89 


Total Scans 111 
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the hospital against medical advice and was lost to follow up. Of the remaining 
89 scans, interpreted as negative, 9 had histologic proof of space occupying le- 
sions and 3 had lesions of a non-space occupying nature (laceration of the dura, 
generalized cerebral edema, benign diploic tumor) at surgery or autopsy. There 
were, then, 30 proved space occupying, intracranial lesions of which 21 were 
demonstrated by brain scans. 

Table I summarizes all examinations. All cases treated surgically or that 
came to autopsy are listed in Table II. 


DISCUSSION 


In this series, interpreting only an abnormal increase in concentration in a 
localized area as positive, positive scans were very accurate. By these criteria, 9 of 
30 patients with proved intracranial tumors had scans interpreted as negative. 


TABLE II 
PROVED CASES, SURGERY OR AUTOPSY 
Positive Scans Negative Scans 
Isotope  Diagnosis* Proof Isotope  Diagnosis* Proof 


1. Hg? Astrocytoma III Surgery 1. Hg? Astrocytoma IV Surgery 


2. Hg? Astrocytoma III Autopsy 2. Hg? Astrocytoma III Autopsy 
3. Hg? Astrocytoma III Autopsy 3. Hg? Astrocytoma III Surgery 
4. Hg? Astrocytoma III Surgery 4. Hg? Astrocytoma I Surgery 
5. Hg? Astrocytoma III Surgery 5. Hg? Astrocytoma I Surgery 
6. Hg? Astrocytoma III Surgery 6. Hg? Medullablastoma Autopsy 
7. I! Astrocytoma III Surgery 7. Hg? Metastases Autopsy 
8. H?% Astrocytoma I Surgery Melanoma 1° 
9, [ Astrocytoma I Surgery 8. Hg? Metastases Autopsy 
10. Hg? Medullablastoma Surgery Melanoma 1° 
11. [ Medullablastoma Surgery 9. Hg? Meningioma Surgery 
12. Hg? Metastatic Ca. Surgery 10. Hg? Laceration Surgery 
Colon 1° of the Dura 
13. Hg? Metastatic Ca. Surgery 11. Hg? Generalized Surgery 
Colon 1° Cerebral Edema 
14. I! Metastatic Ca. Surgery 12. Hg?® Diploic Tumor Surgery 
Lung 1° 
15. Hg?® Metastatic Ca. Surgery 
Lung 1° 
16. Hg? Acoustic Surgery 
Neurinoma ° 
17. Hg? Meningioma Surgery 
18. Hg? Meningioma Surgery 
19. [It = =Meningioma Surgery 


20. I! A-V Malformation Surgery 
21. Hg? A-V Malformation Surgery 


*Kernohan’s Classification 








192 MCCLINTOCK AND DALRYMPLE 


Therefore, as suggested by this series, this examination can be used to make a 
definitive diagnosis that a lesion is present, but it should not be used in the con- 
verse sense; i.e., negative scans should not imply exclusion of intracranial pa- 
thology. In this series a positive interpretation could have been used to avoid 
some of the air studies, angiograms and lumbar punctures, all of which have 
been shown to have significant morbidity and mortality (6). A negative inter- 
pretation should not delay the use of these procedures without subjecting the 
patient to any significant additional hazard. The greatest benefit to the patient 
would be gained by using brain scanning as the earliest special procedure. In 
approximately 2 out of 3 patients the more hazardous diagnostic procedures 
could be limited in number. Therefore, it is felt that brain scanning will be most 
valuable when narrow criteria are used for examination. Such criteria should 
eliminate false positives although a fairly large proportion of false negatives 
should be tolerated. 

In this series there is no definite pattern of difference between the histology 
of those tumors detected and those missed by brain scanning (Table II). We can 
draw no conclusions about reliability of detection related to the histology of the 
tumors. 


SUMMARY 


A review of brain scans at the University of Colorado Medical Center showed 
30 patients with proved space occupying, intracranial lesions. The correct diag- 
nosis was made in 21 using narrow criteria. This leads the authors to conclude 
that the value of the examination lies in its use as the earliest special diagnostic 
procedure so that more hazardous procedures will be avoided. 
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Cornelius R. Jansen, John E. Jesseph, Kanti Rai, Saul Aronow, 
Margaret W. Greene, and William H. Sweet 


Winston-Salem, North Carolina, Upton, New York and Boston, Massachusetts 


The present study is part of a continuation of laboratory and clinical investi- 
gations designed to determine the physicochemical properties and functions of 
the serum proteins in neoplastic diseases. Should any characteristics exist for a 
given protein fraction distinguishing its nature or behavior from a similar frac- 
tion in normal subjects (or those with various non-neoplastic diseases), a basis 
might be established for a diagnostic test for cancer. In studies of the metabolic 
behavior of radioactively labeled proteins (5, 6, 7, 8, 10) the turnover or degrada- 
tion rate has been determined from serum and urine concentration curves as well 
as by using the whole-body gamma spectrometer. In a small series of patients 
with metastatic carcinoma of the breast, turnover studies of gamma globulin 
prepared from healthy normal donors and of aberrant gamma and beta globulins 
from patients with multiple myeloma have been initiated. The mean half-life 
for normal gamma globulin is far longer than that for the aberrant proteins in 
the same patient. This differential metabolic recognition of two types of globulin 
in the same individual may have significant application to the diagnostic problem 
if the site of accelerated catabolism should prove to reside within the growing 
neoplastic mass. 

To determine the sites of globulin degradation in vivo, one may employ a 
sensitive external detector capable of determining the exact locus of the gamma 
ray emission from the administered radioisotopically-labeled protein. Instrumen- 
tation based on the principle of positron scanning appeared to offer the best 
possibility. Such a device utilizes the physical principle that radioactively emitted 
positrons (positive electrons) quickly interact with normal negative electrons 


1From the Department of Pathology, Bowman Gray School of Medicine, Winston-Salem, 
North Carolina; the Medical and Nuclear Engineering Departments, Brookhaven National Lab- 
oratory, Upton, New York; Physics Research Laboratory and Department of Neurosurgery, Mas- 
sachusetts General Hospital, Boston, Massachusetts. 
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with mutual annihilation, converting their masses to two gamma rays emitted 
in opposite directions; i.e., 180° apart. Two detectors placed on opposite sides 
of the radiation source feeding appropriate electronics can identify these gamma 
rays in time coincidence and establish a line along which the radioactivity is lo- 
cated. This makes it possible to localize varying amounts of radioactivity in rela- 
tively small tissue volumes. The distribution of the radioactivity indicates the 
area in the tissue or organ scanned where the greatest number of disintegrations 
occur as the radioactive label is carried along with the protein being used in a 
metabolic process. This should then help to establish the site or sites of globulin 
catabolism. 


The positron emitter selected for labeling the globulin was I'*4. Since it 
and I'*! are isotopes it was anticipated that it could be as readily used as the 
latter for satisfactory labeling of the globulins. I'** has been produced in England 
but no known producer of it existed in this country. After consultation with mem- 
bers of the staff of the Hot Laboratory Division and Physics Department of the 
Brookhaven National Laboratory it was found that they would undertake the 
arduous task of preparing and processing I'** in the amounts needed. The ex- 
tensive experience of the group at the Massachusetts General Hospital (1) with 
the use of positron emitting copper and arsenic for scanning brain neoplasms 
in vivo made it desirable to undertake this joint study with them. The plan 
evolved was: (1) the I'** would be produced at the Brookhaven 60-inch Cyclo- 
tron and processed in the Hot Laboratory; (2) the normal and aberrant globulins 
would be fractionated, characterized as in our previous studies (8, 10), and 
labeled with I'**, following which (3) the labeled globulins would be tested in 
patients who had already been scanned with either radioactive copper or arsenic. 
Subsequent studies with a device capable of scanning other areas of the body 
for determining sites of catabolism for possible tumor localization in various 
parts of the body constitutes a separate long term research project. The portion 
of the study reported in this paper is concerned with the demonstration that 
human fractionated globulin may be satisfactorily labeled with I'** and that 
such a preparation when injected intravenously concentrates in sufficient amount 
in a brain neoplasm to be identified with positron scanning. 


PATIENTS AND METHODS 


The methods of isolation of the normal gamma globulin as well as the multi- 
ple myeloma globulins have been given in a previous publication (8). The 
electrophoretic and ultracentrifugal characteristics of the iodinated globulins 
were determined by methods also previously described (5). Iodination was car- 
ried out by two different technics: that of Hughes and Straessle (4) and of 
Helmkamp, Goodland, Bale, Spar and Mutschler (3). Both methods employ 
Oak Ridge I'*!. The iodinating agent employed in the former technic is in alka- 
line medium, and in the latter technic greater efficiency of I'*! incorporation is 
presumably achieved with iodine monochloride as the iodinating agent. The 
labeled globulins were sterilized by passage through an asbestos filter of the 
Seitz type, and sterility was proved by culture. Possible uptake of free iodine 
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label by the thyroid was blocked by administration of Lugol’s solution to the 
patients before and during the study. The three patients studied had proven 
glioblastoma multiforme and all had been scanned at about the same time with 
copper or arsenic with positive localizations of the positions of the neoplasms in 
the brain. 


The I!*4 was produced in the Brookhaven National Laboratory 60-inch 
Cyclotron by bombarding an antimony target with an alpha beam (40 MeV). 
For example, a target receiving 275 yah of an alpha beam over an 8.5 hour period 
resulted in a sample which after processing (2) yielded 2.94 mC of I'*4. 





RESULTS 


In this study it was first necessary to obtain a suitable I'** preparation for 
labeling the globulins. In order to determine whether the chemically processed 
['*4 was satisfactory a comparison was made of the per cent of globulin labeled 
by I'*4 and by I'**, utilizing in each instance the same technic for iodination. 
To further clarify this point two different technics for iodination were tested 
first with I'*! and then the more efficient method was selected for comparing the 
binding capacity of the two radioisotopes. The results of all binding experiments 
are shown in Table I. The method of Hughes and Straessle (4), when applied 
to I'*!, gave yields of 4 to 11.2 per cent binding, whereas that of Helmkamp, 
Goodland, Bale, Spar and Mutschler (3) gave a range from 65 to 70 per cent 
(Series I and II). In the original series of bombardments it was not known 
with certainty that the subsequent processing would produce I'** without re- 
sidual impurities. For that reason, as seen in Series III, I**' was processed in a 
manner similar to that for the I'** after bombardment. It was then used for 





W.C. 10-2-6 24 yo wc. 10-2-61 1124 x2 


Fig. 1. Lateral scan of patient with left frontal-parietal glioblastoma. multiforme injected with 
260 uc of 1124 labeled gamma globulin. Scan, performed at double normal speed, 
shortly after injection, appears normal; la is coincidence scan, 1b is simultaneous un- 
balance scan. 
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TABLE I 


COMPARISON OF PER CENT OF [*! anp [4 GLOBULIN BINDING 





Used and 
Amount in mc 


Series Type of Gamma Globulin 


Labeled and Amount in mg 


Date | Method 


Per Cent 
Binding 





10/14/58) 1 
3/24/59 
| 11/2/59 

| 2/15/60) 1 
4/20/60 | 
6/9/60 | 1 





0.0 


23.9 


8.0 
7.0 


27.0 


4.0 


[131 


100. 
100. 
83.3 
120. 
150. 
a. 


[131 
[331 
[31 
[131 
[131 


m.m. globulin 
m.m. globulin 


| Radioisotope | 
| 


| Hughes et al 
| Hughes et al 


m.m. (B) globulin | Hughes et al 
m.m. (B) globulin | Hughes et al 


N globulin 
N globulin 


| Hughes et al 
| Hughes et al 





50. 
100. 
100. 

4.2 
100. 
60. 


m.m. globulin 
m.m. globulin 
m.m. globulin 
N globulin 
N globulin 
N globulin 


| Helmkamp et al 
| Helmkamp et al 
| Helmkamp et al 
| Helmkamp et al 
| Helmkamp et al 

Helmkamp et al 





25. 
25. 
25. 


m.m. 
m.m. 
m.m. 
m.m. 
m.m. 
m.m 


globulin 
globulin 
globulin 
globulin 
globulin 
. globulin 


| Helmkamp et al 
| Helmkamp et al 
| Helmkamp et al 
| Helmkamp et al 


| Helmkamp et al | 
Helmkamp et al | 








’ | 11/15/60 | 
| 11/15/60 | 


| 4/14/61} 15. 
| 5/8/61 | 

| 9/12/61 | 
9/26/61; 8.0 1%) 





| 
L 
| ; | 
6/25/62 | 
8/10/62 | 


| 8/10/62 





7 omm 
N 
B 


9 
4. 
5 
5 
1 


.08 


9.7 
5.8 
5.8 


ya] 95. 
[126 25. 
25. 
25. 
25. 
25. 


[124 
] 124 


] 124 


25. 
25. 
25. 
25. 


] 124 





] 124 
] 124 


| 


N globulin 
N globulin 
m.m. globulin 
m.m. globulin 
N globulin 
N globulin 


N globulin 
N globulin 
N globulin 
N globulin 


6/25/62; 9.5 1% | 


. = Multiple Myeloma Serum Fractionation of Globulin 
= Normal Serum Fractionation of Globulin 
= Beta Globulin 


| Helmkamp et al 
| Helmkamp et al 
| Helmkamp et al 
| Helmkamp et al 
| Helmkamp et al 
_Helmkamp et al 





| Helmkamp et al 
Helmkamp et al 
| Helmkamp et al 
Helmkamp et al 
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iodination. The results for binding were highly erratic at that time with some 
complete failures and yet with a yield as high as 45 per cent. Presumably these 
results were due to incomplete separation of the I'** so that residual material 
interfered with the iodination. 

It was decided that in spite of these erratic results the I'** obtainable at that 
time would be used (Series IV) for iodination. As would be anticipated, con- 
siderable variation occurred in binding capacity. However, one of the yields 
giving 18 and another 30 per cent constituted excellent preparations and were 
used for localization studies in patients. With further experience in processing 
I'*4 a satisfactory preparation was produced (2) and used in Series V. Inde- 
pendent checks were made in two laboratories utilizing the same material. Con- 
sistent results became readily obtainable with at least 50 per cent binding and 
the labeled protein met all of our required standards (8) for administration to 
patients (9). 

Three patients with glioblastoma multiforme were scanned using I'** labeled 
gamma globulin as a localizing agent. The doses per 70 kilogram weight of pa- 
tient were respectively 260, 360 and 695 microcuries with the total globulin not 
exceeding 10 milligrams. Scans were made immediately after intravenous in- 
jection and on successive days up to eight days. The I'** globulin scans showed 
some distinctive characteristics different from either arsenic or copper. Initially 
in the I'** scans the radioactivity was entirely in the blood. This was observed 
in the scans by uniform density over the head with slight increase over the tem- 
poral muscles and a distinct lack of concentration in the periphery of the head. 
The blood level was also confirmed by monitor counts over the body. The blood 
pool in the heart was higher than other areas. All three I'°* scans showed uni- 
form distribution on the first day; the second day’s scans were also fairly uniform 
with perhaps a very slight indication of uptake in the tumor. By the third day 
the uptake in tumor was beginning to be distinct, becoming more so on succes- 
sive days. Even as long as the eighth day post-injection the tumor was distinctly 


10-5-61 1124 x 2 wc. 10-5-6 124 x W2 


Repeat scan 3 days post-injection for same patient as shown in Figure 1. Abnormality 
is clearly seen on coincidence scan (a). Unbalance scan (b) shows cluster of straight 
marks indicating concentration is on left. Speed reduced to 14 normal. 
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localized, in spite of the fact that the counting level was extremely low because 
two half-lives had gone by. Scanning speed was changed to compensate for decay 
and to produce uniformly dense scans. It is important to note that these ['*4 
scans indicated definitely that the gamma globulin had been taken up in the 
tumor and it was not merely a question of relative amounts of blood in the tumor 
compared to normal brain, for if it were the latter, the concentration should have 
been apparent on the first day’s scan. 

Figures 1, 2, and 3 show 3 of 5 scans performed on a patient who had had 
a partial removal of a left frontal-parietal glioblastoma multiforme on 8/3/61. 
The first scan was performed % hour after injection, with repeat scans on the 2nd, 
3rd, 4th, and 7th days. The first scan is typically normal, indicating uniform dis- 
tribution of isotope in the blood. The 3rd day scan, while greatly reduced in 
density (speed changed by factor of 4) clearly shows the abnormal area. The 
unbalance scan shows a cluster of straight lines, indicating a left unbalance. 
The 7th day scan, while still less dense, still indicates the abnormality. The other 
two scans in the series are similar to the 3rd day scan, and all of these closely 
resemble a scan made with As the following week. 


COMMENT 


This is the first time that I'** has been used to label a protein, in this in- 
stance, gamma globulin. Three cases with brain neoplasms were studied and 
the series is not large enough to make a comparison between I'*! and I!*4 labeled 
normal and abnormal globulin. The purpose in using these cases was simply to 
show that good scans could be made. The objective in this developmental pro- 
gram is to determine with a properly devised positron scanner whether an anti- 
gen-antibody reaction occurs at tumor sites(s) when an I'** labeled aberrant 
globulin (carrying antibody to neoplastic tissue) is injected into the patient. 
If this occurs, whereas with I'** labeled normal globulin there is no antigen- 






pid 








we. 0-9-6: 1°24 x WV2 wc. 10-9-61 1'24 x472 


Fig. 3. Repeat scan 7 days post-injection for same patient. Density is reduced because of 
isotope decay, but abnormality still visible in frontal region (a); unbalance (b) shows 
left-sided concentration; speed 14 normal. 
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antibody reaction then in a given patient at a given site the counting rates for 
the two globulins (administered at different times) should be different. Pre- 
sumably with the aberrant globulin the counts would be considerably higher due 
to increased catabolism. The localization with the positron emitter (two gammas 
coming off at virtually 180°) would permit, by use of collimated beams, a much 
more precise localization of the lesions than would be possible by the usual 
scanning for random gamma rays from I!*!, 


SUMMARY 


Normal and aberrant gamma globulin have been labeled by I'** produced 
by alpha particle bombardment of antimony in a 60-inch cyclotron. Localization 
of the labeled globulin in primary brain neoplasms has been demonstrated by 
positron scanning. It appears possible by this procedure to investigate in vari- 
ous tissues and organs in man sites of catabolism of similarly labeled proteins. 
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Lanthanum-140 as a Measure of the Completeness 
of Stool Collections 
Demonstration of Delayed Excretion of Iron-59'* 


R. L. Hayes, Ph.D., J. E. Carlton, B.S., and Bill Nelson, M.D. 
Oak Ridge, Tennessee 


Measurement of a patient’s ability to absorb an orally administered substance 
may be invalidated by incomplete collection of feces. Because of forgetfulness or 
embarrassment the patient may fail to report that a stool was lost. The result may 
be a high absorption value that often would not be recognized as erroneous. At 
the Oak Ridge Institute of Nuclear Studies the frequency of unreported, incom- 
plete fecal collections has been as high as 30 per cent in studies of gastrointestinal 
motility. The orally administered lanthanum-140 used in these studies is not 
absorbed from the intestinal tract so that incomplete fecal collection is immedi- 
ately apparent from the sum of the radioactivities of the stool samples (1). This 
experience led to the realization that lanthanum-140 might be used to verify the 
completeness of fecal collection for a variety of clinical tests, especially the ab- 
sorption of iron-59. It was also hoped that, when a stool was missed, the pro- 
portion of lanthanum-140 recovered could be used to estimate the amount of 
unabsorbed iron-59 that had been lost, thus providing an acceptable result from 
data otherwise invalid. 


METHODS 


The oral iron-59 absorption test of Bonnet, Hagedorn, and Owen (2) was 
chosen. According to these authors, the use of only 50 micrograms of carrier 
iron, together with ascorbic acid, results in approximately 50 per cent iron ab- 
sorption by normal persons and permits better identification of abnormal ab- 
sorption. 


*From the Medical Division, Oak Ridge Institute of Nuclear Studies, Oak Ridge, Ten- 
nessee, under contract with the United States Atomic Energy Commission. 

*Presented in part at the 10th Annual Meeting of the Society of Nuclear Medicine, Mon- 
treal, Canada, June 29, 1963. 
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Each dose was prepared as follows: Twenty microcuries of carrier-free 
lanthanum-140' was added to a dilute hydrochloric acid solution containing 5 mg 
of stable lanthanum. Approximately 10 mg of citric acid and a drop of bromcresol 
purple were added, and the solution was neutralized with dilute sodium hydrox- 
ide. Another solution was prepared containing 2 microcuries of iron-59 and 50 
micrograms of carrier iron as slightly acidified ferrous ammonium sulphate. The 


‘Obtained from Oak Ridge National Laboratory, Oak Ridge, Tennessee. 
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solutions were then combined and 200 mg of ascorbic acid added. Standards of 
the iron and lanthanum were set aside for subsequent assay. 

Patients were not allowed anything to eat or drink from midnight until 2 
hours after the dose, which was given about 8 a.m. The dose was swallowed from 
a paper cup, and the patient then drank a distilled water rinse. (Tap water con- 
tained iron in large amounts relative to the 50-microgram carrier.) The cup was 
then monitored and any residual radioactivity was taken into account in sub- 
sequent calculations. Stools were collected and counted in waxed cartons as 
previously reported (3). 

Because of its abundant high-energy radiation (Fig. 1), lanthanum-140 can 
be assayed directly in the presence of most other radionuclides when appropri- 
ate energy discrimination and geometric correction factors are used. Iron-59 de- 
terminations in the presence of lanthanum-140 were in excellent agreement with 
iron-59 determinations after lanthanum-140 decay. 

The radioactivity of a stool was considered insignificant when the standard 


TABLE I 


FECAL EXCRETION DATA 


% dose in last stool % Fe after a 
% Fe'9 % La“ Days Stools Stool had less 
absorbed recovered collected collected Fe59 








100 12 13 
64 103 13 11 
73 104 
37 94 
68 92 
67 98 
53 97 
65 98 
64 92 
73 100 
65 98 
58 94 
63 95 
87 101 
54 93 
59 94 
92 94 
57 90 
48 95 
94 95 
88 91 
26 04 


51 


7.6 
3.1 


Ww 
wm 
— Un WwW 


* 


bdo 


sau > — S bP C 
fore) 


— 
— = —_ — 
CORP WwW UNA sT SI 
* *&£ &€ &€& & HF HF & 


— 
So yONUOCOR RF EF PN WRR yrds ,~,uUor 


— 
wOwndrswunun PR KYO OC NWN KF F © 
—) 


— 


a 
RBPAONTNNOANUNOeN 


| OAC wWwoumoenrnd © 
w 


| 











*Measurement insignificant. 





LANTHANUM-140 AS A MEASURE OF STOOL COLLECTIONS 203 


deviation of a measurement was greater than 50 per cent of the measurement. 
By this definition significant counts could be obtained from samples with less than 
1 per cent of the iron or lanthanum dose throughout the study. The sensitivity 
of the method was much greater for the lanthanum counts in the first week and 
for the iron counts at all times. 


Calculations indicate that the lanthanum-140 and iron-59 doses given are 
well below recommended maximum permissible limits for occupational exposure 
during a 13-week period (4). Such doses were given for 27 tests. Of these five 
were unsatisfactory because of grossly incomplete stool collection. Although col- 
lections were to be continued until stools contained no significant activity, many 
of the tests had to be curtailed for clinical or personal reasons. In 22 of the tests 
more than 90 per cent of the lanthanum was recovered, satisfying an arbitrary 
criterion previously chosen for the studies of gastrointestinal motility (1). 


RESULTS 


The percentage of the oral iron dose absorbed in each of the 22 tests is 
depicted in Figure 2. The average absorption of 40 per cent for men and 62 per 
cent for women reported by Bonnet, Hagedorn, and Owen is shown for compari- 
son. Tests on men are indicated by the shaded bars. Only two healthy persons 
(No. 1A, 1B, and 2) are included in this series. 


The average recovery of lanthanum in this series was 96 per cent. Each 
of these 22 tests was “satisfactory” in that more than 90 per cent of the dose of 
lanthanum-140 was recovered, as shown in Table I. Only 8 tests, however, met 
the requirement (2) that collections be continued until a stool contained less than 
1 per cent of the iron-59 dose. Two tests had to be interrupted while the rate 
of iron excretion was still high (Table I, No. 2 and 17). In the other 12 tests 
from 1 to 4 per cent of the iron dose was found in the last specimen collected. 
In 9 of the 22 tests significant iron-59 was found in collections continued after an 
earlier stool contained less than 1 per cent of the iron dose. Although iron-59 
could be found in stools as long as 13 days after the dose (No. 1B), lanthanum 
excretion was never significant after 7 days. 


In every test the excretion of iron-59 increased in proportion to the lantha- 
num-140 excretion as the collections continued. The ratio of the percentage of 
the iron dose in a stool to the percentage of the lanthanum dose in the same 
stool was small initially, and became greater with subsequent stool samples. This 
observation is illustrated by representative cases in Table II. 


In 17 tests collections could be continued after the lanthanum-140 activity 
was no longer considered significant. As shown in Table III, all 17 had a delayed 
excretion of iron-59, in 3 instances amounting to more than 11 per cent. In the 
most extreme case, where it was 23 per cent, significant iron-59 activity was found 
in 9 stools after lanthanum-140 was no longer demonstrable. This man (No. 1A) 
ate large amounts of bran cereals and fruit on the day after the dose. 


In 7 tests collections were prolonged enough to permit analysis of this de- 
layed phase of iron excretion, as shown in Figure 3. The graph includes 2 pa- 
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TABLE II 


RATIO OF FE®® To LA™® In SUCCESSIVE STOOL COLLECTIONS 
REPRESENTATIVE CASES 


Tests 





Stool — 

No. 8 1A 11 16 
1 0.13 0.10 0.13 0.05 
fs 0.21 0.18 0.19 0.07 
3 0.44 0.59 0.33 0.44 
4 0.71 5.00 0.48 0.56 
5 1.67 . 1.00 ° 
6 5.00 ° ° , 
7 * * * * 


*La™° activity considered insignificant (standard deviation of La“® measurement greater 
than 50% of measurement). 


tients who absorbed more than 90 per cent of the iron: one with severe iron- 
deficiency anemia (No. 19), and another with lymphosarcoma without anemia 
or clinically apparent iron deficiency (No. 16). Both these patients had a low 
rate of iron excretion, amounting to about 0.4 per cent of the retained dose per 


TABLE III 


FE? COLLECTED AFTER COMPLETE LA™® RECOVERY 


Test No. % Fe Dose No. of Stools 
19 UB! 3 
3 0.4 3 
7 1.0 1 
16 a 4 
5 1.8 1 
21 Te | + 
18 22 3 
12 2.4 Zz 
9 6.5 3 
4 7.0 5 
1A ia 9 
8 1.2 6 
14 8.4 4 
11 A 3 
10 18.8 4 
1B 23.0 9 
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day after the lanthanum had been excreted. This low rate contrasts with the 
corresponding rates in the other 5 tests, which ranged from 0.7 to 6.0 per cent 
of the retained dose per day. Thus, the half-time of iron excretion during this 
phase (after the excretion of lanthanum) would be about 140 days for the two 
patients with high iron absorptions and as short as 11 days for the others. 

The stools of the 2 patients with iron-deficiency anemia (Fig. 2, No. 19 and 
20) had strongly positive tests for occult blood. Both had a familial hemorrhagic 
disorder with epistaxis and probable blood loss from the gastrointestinal mucosa. 
No bleeding was detected in the other patients. 


DISCUSSION 


Although this study was primarily an evaluation of a possible use of lantha- 
num-140, in a general way it confirms the observation that the percentage of 
iron absorbed is greater with ascorbic acid and a small amount of carrier iron 
than with the usual, larger amounts of carrier. This low carrier level of iron was 
selected to assist in demonstrating subnormal absorption, as typified by the pa- 
tient with hemosiderosis (No. 21 in Fig. 2 and Table I). The low iron absorption 
by this woman suggests that the excessive iron demonstrated in liver biopsies is 
not caused by an increased capacity to absorb iron. However, she denies an ab- 
normal intake of iron and the reason for the hepatic hemosiderosis is still obscure. 

Both patients with iron-deficiency anemia (No. 17 and 20) absorbed a high 
percentage of the iron, as expected. The two healthy men had values consider- 


TESTS OF ORAL IRON ABSORPTION 
WITH "SATISFACTORY" STOOL COLLECTIONS 


MEN (AVERAGE) === Bonnet, Hagedorn 
: } and Owen — 








70 20 30 40 50 sO 70 80 90 100 
PERCENT OF Fe?? DOSE ABSORBED AEC BIOMED-ORINS 


Fig. 2. Results of 22 oral iron absorption tests. 
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ably higher than the average for normal men reported by Bonnet, et al. One man 
(No. 1A and 1B) had given several pints of blood annually (more than 2 gal- 
lons in 5 years). The apparent high absorption by the second healthy man (No. 
2) is unreliable because collections had to be discontinued while considerable 
iron was still being excreted. In another instance (No. 19, Table I and Fig. 2) a 
much lower iron absorption value would also have been obtained if collections 
could have been continued. 

In Table I it can be seen that 14 of the 22 tests do not satisfy the recom- 
mendation that the iron in the last stool be less than 1 per cent of the dose, al- 
though in 5 of these 14 tests stools were collected for a week or more. On the 
other hand, 12 of the 22 collections could have been discontinued earlier on 
the basis of a stool with less than 1 per cent of the iron dose, but in 8 of these 
12 iron-59 collections amounting to more than 1 per cent would have been dis- 
regarded. The size of the stool should be considered. in association with its ac- 
tivity, because a small stool without “significant” activity may be followed by 
excretion of a large amount of iron-59 (11 per cent in No. 9, Table I). 

For the lanthanum-140 recovery to be used as a convenient correction for 
iron-59 lost through incomplete stool collection, the ratio of iron to lanthanum 
would have to be constant in every stool. Thus, if 50 per cent of the iron were 
absorbed, the ratio of iron to lanthanum would have to remain constant at 1:2 
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Fig. 3. Body retention of orally administered iron-59. 
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if the lanthanum recovery were to be used to calculate the amount of uncollected 
iron in a missing stool specimen. Table II shows that this did not occur. 

Even though the increasing ratio found in this study (Table II) prevents 
the use of lanthanum-140 excretion as a simple method of correcting for iron 
lost in a missing stool, a determination of total lanthanum excretion is valuable 
in assuring adequate collection. Most important, lanthanum assays can demon- 
strate an otherwise unrecognized failure to collect stools during the initial phase 
of massive excretion of unabsorbed iron. In addition, in most subjects the ces- 
sation of lanthanum-140 excretion indicates that the iron excretion is nearly com- 
plete (Table III). The exceptions emphasize that collections should be con- 
tinued until the iron excretion falls to an acceptably low level (e.g., less than 
1% of the dose in a stool of more than 100 g.). 

After the initial phase of iron excretion, corresponding to the time required 
for excretion of the lanthanum, the daily excretion of iron averaged 3 per cent 
of the retained iron dose for subjects with near-normal iron absorption (Fig. 3). 
This rate of excretion is much higher than the loss of iron determined by whole- 
body counts over long periods of time, approximately 0.05 per cent per day (5) 
or a half-time of 700 days for men (6). Another study reported an even lower 
rate of iron excretion in feces, 0.01 per cent per day (7). 

These slow rates of iron excretion, which are in accord with the well-known 
conservation of iron by the body (7), might appear to conflict with our data. 
The discrepancy may be resolved by assuming that the excretion of an orally 
administered iron tracer is a composite of 3 phases. The first and most rapid 
phase of excretion is the passage of unabsorbed iron, which, theoretically, should 
parallel the excretion of the lanthanum-140. The third phase of very slow loss of 
iron (about 0.1% per day) from the body months after an iron-59 dose in- 
cludes traces lost in urine, perspiration, and desquamating skin and mucosa. The 
intermediate or second phase, evident after the excretion of lanthanum, is un- 
doubtedly short and probably is due to exfoliation of the epithelial cells con- 
taining a portion of the iron-59 taken up from the intestinal tract. Certainly the 
excretion in the second week is too high to be explained by the loss of red 
blood cells containing iron-59, in the absence of detectable gastrointestinal hem- 
orrhage. In fact, the patient with the lowest rate of iron excretion (No. 19) 
had considerable blood in the stools. Presumably patients with a high absorption 
of an oral iron dose have a rapid and almost complete transfer of iron into the 
vascular system with very little retention of iron in the epithelium. 

Catharsis, by hastening the exacuation of the lanthanum, may assist in the 
exploration of the intermediate or second phase of iron excretion, which can 
amount to as much as 23 per cent of the oral iron dose. Further studies of this 
second phase are in progress. 


SUMMARY 


Lanthanum-140, as an unabsorbable tracer given with an oral dose of other 
substances, can be used to verify the completeness of stool collections for gas- 
trointestinal absorption tests. However, when collections are incomplete, the 
proportion of lanthanum-140 lost cannot be used to calculate the loss of un- 
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absorbed iron-59 because the rates of passage through the intestinal tract are 
different. A distinct retardation of iron-59 excretion was observed. Lanthanum- 
140 is of use in studying this phenomenon, which probably can be attributed to 
exfoliation of epithelial cells containing iron taken up from the intestinal tract. 


ADDENDUM 


Subsequent to the submission of this manuscript, the role of the intestinal 
mucosa in the excretion of iron has been discussed in detail: Crosby, Wm. H., 
Editorial Review, The Control of Iron Balance by the Intestinal Mucosa, Blood 
22:441, October 1963. 
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A Simplified Method for Fe” and Fe” Assay in Mixed 
Plasma Preparations’ 


Ben K. Davis, B.S.? and John A. Koepke, M.D.” 
Lexington, Kentucky 


INTRODUCTION 


Two of the radioactive isotopes of iron, Fe®* and Fe®®, have found exten- 
sive use in biological research. Many studies require the simultaneous employ- 
ment of both isotopes, therefore a reliable and accurate method to determine 
each isotope is essential. It would also be helpful to use a method simpler than 
most in use at the present time. 


Fe®® has a half-life of 45 days and decays with emissions of both beta-rays 
and gamma-rays. These emissions consist of a beta-radiation of 1.560, 0.462, and 
0.271 Mev. maximum energy as well as gamma quanta of 1.1 Mev. and 1.3 Mev. 
Fe has a half-life of 2.94 years and disintegrates to manganese solely by 
K-capture. The manganese characteristic x-rays have an energy of 5.9 kev. 


Peacock et al. (1) devised a method of determining Fe®® and Fe® individ- 
ually employing Geiger-Miiller tubes of different characteristics after the samples 
were electroplated on copper planchets. Stewart and Rossi (2) reported a 
method of separately determining Fe®® and Fe®>. Their method was to divert the 
beta radiation of Fe®® by means of a magnetic field set at right angles to the 


1This investigation was supported in part by Public Health Service Research Grant 
AM 05632-02 from the National Institute of Arthritis and Metabolic Diseases. 

2Department of Pathology, University of Kentucky, College of Medicine, Lexington, 
Kentucky. 
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trajectory between the sample and a Geiger-Miiller tube. The samples were 
electroplated onto copper planchets by the method of Hahn (3). This method 
has low efficiency. 


Dern and Hart (4) described a method for the simultaneous quantitative 


measurement of Fe®® and Fe®® in mixed preparations by use of liquid scintil- 
lation counting techniques. Although the efficiency is quite good (Fe®®, 50% 
and Fe®, 14%), the instrumentation is quite expensive and sample preparation 
is tedious and exacting. 


METHOD 


The proposed method for preparing the samples for counting is a direct 
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FE> AND FE?? IN PLASMA PREPARATIONS PAM! 


are pipetted directly onto aluminum planchets. These are dried and then counted 
in a gas flow detector with a Mylar window of less than 150 pg/cm? average den- 
sity. (Nuclear Chicago model D-47). The sample is counted again with an 
aluminum filter in place. An aluminum absorber, with an average area density 
of 22.2 mg/cm?, was found to give the most satisfactory separation of Fe®® 
and Fe®®, 

The amounts of Fe®® and Fe®® in a plasma sample can be determined by 
solving these two equations: 


R= Fe®+ Fe® (1) 
R’ = B Fe™ + @ Fe™® (2) 


where R and R’ are the respective counting rates without and with the aluminum 
absorber in place. The ratio by which the Fe*® counting rate is reduced by the 
absorber is « Beta (8) is the ratio by which the counting rate of Fe** is reduced 
by the absorber. Each of these values is determined by counting a sample con- 
taining each isotope alone. 

The solution of the equations (1) and (2) are: 


rf = == (3) 


Fe? = ~— P- (4) 


Counting Rate; Absorber Computed Counting Rate 
(cpm) (cpm) due to Error in Determination** 





Fe* Absent In Place 

12,249 2,246 
12,736 2,006 2,279 
14,463 2,000 4,164 
15,422 1,818 7,001 
16,203 1,707 8,715 
20,000 1,645 13,971 
19,248 1,495 14,054 
22,069 1,350 18 , 633 
23 ,063 1,194 20,676 
24,381 1,131 23,449 
25,347 979 
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RESULTS 


The efficiency (per cent of total disintegrations counted ) of this system was 
determined to be 27.7 per cent for Fe®® and 2.1 per cent for Fe*>. This compares 
with 2.17 per cent for Fe®® and 0.13 per cent for Fe®® for electroplated samples 
measured by the method of Stewart and Rossi. 

To date, data from ten experiments has been collected using this method, 
concurrently with the electroplating method. The correlation has been very 
good. One of these comparisons is illustrated in Figure 1. The proposed system 
counts about 2 per cent less Fe*® radioactivity than electroplated samples counted 
in the same gas flow system. As expected, and possibly due to self-absorption, 
Fe® counts are about 25 per cent lower than electroplated samples. 

The chief advantages of this system are its simplicity and saving of time. 
Using this method, isotope studies measuring gastrointestinal absorption of iron 
can be completed within one day while the electroplating method takes several 
days to complete. It may be seen from Table I that the efficiency and accuracy of 
the method in question compares favorably with that of electroplating. Large er- 
rors are noted when quantities of isotope are quite small. 
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SYMPOSIUM NEURORADIOLOGICUM (VII) 


The VIIth Symposium Neuroradiologicum will be held in New York 
City at the Waldorf-Astoria Hotel, September 20-25, 1964. 


In addition to essays on subjects of diagnostic and therapeutic 
neuroradiologic interest, there will be a symposium on Radiation and 
the Nervous System. The latter will include essays on radiobiology, 
effects of radiation encountered in outer space, and the use of ultrasound 
and radioisotopes in diagnosis and therapy. 


The official languages of the Symposium will be English, French, 
German and Spanish. Application forms may be obtained from the Presi- 
dent, Dr. Juan M. Taveras, Neurological Institute, 710 West 168th 
Street, New York 32, New York. 
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Influence of Sugars on the Radiation Sensitivity of Catalase’ 


W. Lohmann, Ph.D., A. J. Moss, Jr., B.S., W. H. Perkins, M.D., and 
C. F. Fowler, M.S. 


Little Rock, Arkansas 


INTRODUCTION 


Recently we have shown (1) that glycerol forms a complex with metal ions 
in the catalase molecule and, therefore, protects the enzyme against reactive 
radicals. When these metal ions are complexed, there is no longer catalytic de- 
struction of hydrogen peroxide into OOH and OH radicals which are responsible 
for the inactivation of the catalase molecule. 

Diglycyl-glycine (2) was found to protect catalase by acting as a radical 
scavenger. The protective effect, however, was less than that obtained by glycerol. 
It, therefore, seems probable that the best protection will be obtained using 
chelating agents, because the radical scavenging substances are less efficient. 

Bacq and Alexander (3) have pointed out that sugars and other compounds 
containing hydroxyl groups are weak radiation protectors. The mechanism of 
this protective effect may be explained by a radical scavenging reaction. It is 
interesting to note that no protective effect has been observed using glucose. 
It is the purpose of this communication to show the effects of fructose, sucrose, 
and glucose on the radiation response of catalase. 


MATERIALS AND METHOD 


Two ml of lyophilized beef liver catalase solution (8 x 10° M, 0.05 M phos- 
phate buffer, pH 7.0; Worthington Biochemical Corp., Freehold, New Jersey) 
were irradiated in a Lucite container with doses varying from 0 to 8.1 x 10° r. 
The dose rate of the beryllium-window x-ray tube (100 kV, 12 mA, HVL 0.065 
mm Al; Philips Electronics Inc., Mt. Vernon, New York) was about 9 x 104 
r/min. 





1Departments of Physiology and Biophysics, Medicine, and Radiology, University of 
Arkansas Medical Center; and Radioisotope Service, VA Hospital, Little Rock, Arkansas. 
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RADIATION DOSE 


Fig. 1. The Influence of Different Concentrations (mg/ml) of Several Kinds of Sugar on the 
Radiation Sensitivity of Catalase (Broken Lines for Sucrose and Glucose). 


Different amounts of the several sugars (sucrose and glucose, Fisher Scien- 
tific Co., Fair Lawn, New Jersey; fructose, Pfanstiehl Laboratories Inc., Wauke- 
gan, Ill.) investigated were added to the catalase solution before irradiation. The 
sugar concentrations used are shown in Figure 1. The catalase activity was deter- 
mined spectrophotometrically using the method of Beers and Sizer (4). Details 
of the procedure were described previously (1). All measurements and irradia- 
tions were done at room temperature. 
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Fig. 2. 50%-Dose Values as a Function of the Sugar Concentration (Values from Fig. 1; 
Note the Interruption in the Concentration Scale). Glycerol Values (1) and Diglycyl- 
Glycine Values (2) for Comparison. 
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RESULTS 


In Figure 1, the catalase activity is plotted against the radiation dose. As can 
be seen, a protective effect is observed for the sugars which were investigated. 
Fructose was found to have the greatest radiation protective effect of the three 
sugars. Experimental results obtained with glucose and sucrose agreed within 
error limitations. 

The radiation dose which was required to reduce the catalase activity to 
50 per cent is plotted in Figure 2 as a function of sugar concentration. Results 
from Figure 1 were used in obtaining these values. The ED;,-values for glycerol 
(1) and diglycyl-glycine (2) are also shown for comparison. The protective effect 
observed with fructose is almost comparable to that found for glycerol. Since 
glycerol protects through its chelating ability, the question of whether it might 
be suspected that fructose acts as a chelating rather than a radical scavenging 
compound arises. Experiments were performed in order to determine the mode of 
fructose protection. A small amount of CuCl, was added to the fructose-enzyme 
solution. After the addition of CuCl,, the fructose should complex with the cop- 
per ions and consequently there should be a reduction in the protective effect 
obtained by fructose if chelating is responsible for the radio-protective mechan- 
ism. However, the same protective effect was found for solutions containing fruc- 
tose as well as with solutions containing both fructose and copper ions. 

Copper ions in the concentrations used in this experiment have been found 
to exert a considerable protective effect on catalase (5). However, it was found 
that the protective effect of fructose and copper ions respectively was not addi- 
tive. Moreover, the effect observed with the sugars is based on a radical scaveng- 
ing mechanism. 


SUMMARY 


The change in radiosensitivity of catalase by sucrose, fructose, and glucose 
was investigated spectrophotometrically. The irradiation doses varied between 
0 to 8.1 xX 10° r. The radiation protective effect is considerably greater for fruc- 
tose than for sucrose and glucose. Radiobiological implications are discussed. 
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A Study of the Stability of Chromium-51 Labeled 
Serum Albumin’ 


Leopoldo José Anghileri 
Skokie, Illinois 


The stability of chromium-51 labeled serum albumin has been studied mak- 
ing use of both chromatographic and dialysis analytical procedures. This 
chromium-51 labeled compound is now being used as an indicator of loss of pro- 
tein into the gastrointestinal tract (1). 

This study demostrate the good stability of chromium-51 labeled serum 
albumin under the conditions of the experiment. 


EXPERIMENTAL PROCEDURES AND RESULTS 


The chromium-51 labeled serum albumin was prepared according the pro- 
cedure of Waldmann (1). The initial specific activity was 15 mc per gram. 

After the preparation the chromium-51 labeled serum albumin was assayed 
for unbounded :chromium at 1 day, 7 days, 15 days and 30 days. This analysis 
was performed by dialysis against distilled water. 


0.2 ml of solution of chromium-51 labeled serum albumin was dialyzed 
against 500 ml of distilled water. The distilled water was changed every 8 hours 
during 24 hours and the temperature was kept at 4°C (in the refrigerator). An 
aliquot of each portion was counted with a scintillation counter. The water 
showed no activity after 3 changes. 


Simultaneously a sample of chromium-51 labeled serum albumin was as- 
sayed using ascending paper chromatography with paper S & S 2043b. Among 
the solvents used, the most practical and one that had little effect on the 
chromium-albumin bond was n-propanol: 0.1 M phosphate buffer pH 7.2 (3:2). 
With this solvent the Rfs obtained were: Chromic (Cr+++) 0.80-0.86, chromate 
(CrO,—— ) 0.64-0.69 and chromium serum albumin 0.00-0.02. 


*Research and Development, Volk Radiochemical Co., Skokie, Illinois, USA. 
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The chromatogram was scanned and the activity graphically recorded. By 
graphic integration of these records were obtained the values of chromium-51 
labeled albumin and of free-chromium. This free-chromium was found as Cr+ ++. 

The activity of free-chromium was very low even after 30 days of storage 
at 4°C. and in sterile conditions. The results obtained are shown in the following 
table. 


TABLE | 


Method 1 day 7 days 15 days 30 days 

Dialysis 0.048% 0.40% 0.68% 0.91% 

Chromatography 0.09 % 0.45% 0.72% 1.20% 
DISCUSSION 


The chromium-51 labeled serum albumin is very stable. The values are 
similar to those obtained by Gray and Sterling (2) but in this study the specific 
activity was approximately 500 times higher than that used by Gray and Sterling. 

The chromatographic method used seems to be as useful as the dialysis for 
the analysis of chromium-51 labeled serum albumin. 
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Announcement to Authors 
Preliminary Notes 


Space will be reserved in each issue of THE JOURNAL OF NUCLEAR MEDI- 
CINE for the publication of one preliminary note concerning new original work that is 
an important contribution in Nuclear Medicine. 


Selection of the preliminary note shall be on a competitive basis for each issue. 
One will be selected after careful screening and review by the Editors. Those not 
selected will be returned immediately to the authors without criticism. Authors may 
resubmit a rejected or revised preliminary note for consideration for publication in a 
later issue. The subject material of all rejected manuscripts will be considered 
confidential. 


The text of the manuscript should not exceed 1200 words. Either two illustrations, 
two tables, or one illustration and one table will be permitted. An additional 400 words 
of text may be substituted if no tables or illustrations are required. Only the minimum 
number of references should be cited. 


Manuscripts should be mailed to the Editor, Dr. George E. Thoma, St. Louis 
University Medical Center, 1402 South Grand Blvd., St. Louis, Missouri 63104. They 
must be received before the first day of the month preceding the publication month of 
the next issue, e.g., preliminary notes to be considered for the April, 1964 issue must be 
in the hands of the Editor before March 1, 1964. 
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PRELIMINARY PROGRESS NOTE! 


Comparison of the Resin Uptake of I'*' Labeled 
Triiodothyronine and Thyroxine in Hyperthyroidism and 
Other Conditions’ 


Leo Oliner, M.D., and James C. Harris, M.D.* 
Indianapolis, Indiana 


Alteration in the binding capacity and degree of saturation of the thyroxine- 
binding serum proteins have provided the basis for certain tests of thyroid func- 
tion since the red cell uptake of I'*! labeled L-triiodothyronine (T,-I)*1) was 
first described by Hamolsky (1). Subsequent improvements, the most notable of 
which was the replacement of human erythrocytes by an anion exchange resin 
(2), and the simplicity of the technique, have led to wide acceptance of the 
competitive binding of T,-I'*! between the resin and plasma carriers as an index 
of thyroid function (3-9). 

Considering the alterations in binding states of both thyroxine-binding pro- 
tein carriers, thyroxine-binding globulin (TBG) and thyroxine-binding pre- 
albumin (TBPA) and their degree of saturation in thyroid and non-thyroidal 
illness (10), it appeared that the use of labeled L-thyroxine (T,-I'*!) instead 
of T,-I'*! in the resin uptake test might be of greater value by giving an indica- 
tion of total availability of unbound, or the presumed biologically active, thyrox- 
ine. L-thyroxine is bound by both TBG and TBPA, whereas L-triiodothyronine is 
bound only by TBG (10). Consequently, alterations in the binding capacity of 
TBPA would not be expected to be reflected directly in the resin uptake of T,-I'*! 
(T,-RU), except when available TBG binding sites are reduced by an increased 
thyroxine pool, as evidenced by a high PBI. If T,-I'*! were used in the resin 
uptake test (T,-RU), alterations in the TBPA binding capacity should greatly 
influence the uptake in certain conditions. In hyperthyroidism the T,-RU should 
yield better separation from normal than T,-RU not only because of increased 
TBG and TBPA saturation (increased total thyroxine pool) but also by the 
decreased binding capacity of the latter (10, 11). In some conditions no differ- 
ence between T,-RU might be expected: (a) hypothyroidism with slightly 
increased binding capacity of TBG (10, 11) but decreased TBPA capacity (10, 
11) and a reduced thyroxine pool; (b) pregnancy where TBG capacity is greatly 
increased (12). In chronic debilitated states (with TBPA binding reduction) 
(10) T,-RU might not be as diagnostic as T,-RU. Although the use of T,-I'*! in 





*See page 217 

*From the Radioisotope Service, Veterans Administration Hospital, and the Department 
of Medicine, Indiana University School of Medicine, Indianapolis, Indiana. 

*Trainee, National Heart Institute, U. S. Public Health Service, Grant No. HTS-5461. 
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the resin uptake technique has been mentioned (5, 7, 13), no relative diagnostic 
improvement was noted compared to the use of T,-I'*! in contradistinction to the 
findings in this preliminary study. 


MATERIALS AND METHODS 


The clinical material consisted of patients on the medical services of the 
various hospitals of the Indiana University Medical Center and normal volun- 
teers. In the group were 18 normal individuals, 10 hyperthyroid and 3 hypothy- 
roid patients, 4 pregnant individuals and 5 patients with chronic debilitating 
illness. The diagnosis of thyroid disease was made on the basis of clinical findings, 
serum protein-bound iodine determination and thyroidal uptake of radioiodine. 
Serum was stored at —20° C. until used. A control serum pool (400 ml.) was 
prepared from samples obtained from 50 normal subjects; small aliquots were 
stored at —20° C. for subsequent use in each run and the preliminary studies for 
incubation time and temperature effects. 


The procedure used was essentially that described by Mitchell, et al (3) 
with certain modifications noted below.! Preliminary studies indicated that 
equilibration was completed at about 120 minutes for both T,-RU and T,-RU. 
In a number of hyperthyroid and hypothyroid sera, the separation from normal 
appeared to be similar in varying the incubation time from 30-120 minutes. 
Varying the temperature from 21° C. to 36° C. for the 120 minute incubation 
showed a linear increase in resin uptake for both iodinated amino acids of about 
1 per cent per degree. All subsequent runs were performed at room temperature 
(24-28° C.) corrected to 25° C. with a 120 minute incubation. All the above stud- 
ies and determinations on 9 normal sera were performed in duplicate. Since in 
these studies a 2 percentage point mean difference in duplicate determinations 
for T,-RU and 1.4 for T,-RU were noted, in subsequent runs duplicate determina- 
tions were discontinued. 


One ml. samples of serum were placed in duplicate plastic test tubes. One 
ml. T,-I'*!-buffer solution was added to one, while 1.0 ml. T,-I'*!-buffer solution 
was added to the other tube, followed in about 1 minute by the addition of the 
resin sponge to each tube. Following incubation the solution was drawn off the 
sponges and the sponges were washed 4 times with equal volumes of distilled 
water. The T,-RU and the T,-RU were calculated by dividing the residual ac- 
tivity (sponge radioactivity after washing) by the initial activity (radioactivity 
added) and multiplying by 100, followed by correction for incubation tempera- 
ture. Control sera for T,-RU and T,-RU were processed simultaneously by the 
same method. The results were expressed as a percentage of control serum value 


1The T,-I™ in tris-maleate buffer solution, 0.1 M, pH 5.2, contained 0.10 to 0.12 ue and 
0.0033 to 0.0051 ug. per ml., while the labeled thyroxine in identical buffer solution con- 
tained 0.10 to 0.13 wc and 0.0026 to 0.0064 ug per ml. On arrival concentrated human serum 
albumin was added to the isotope solutions to make a final concentration of 0.5%; the solu- 
tion was stored at 10° C. The resin used was Amberlite CG-400 in the chloride cycle imbedded 
in a polyurethane sponge (Triosorb). The resin sponge specifications were essentially those 
previously published (3). The resin and labeled hormones were kindly supplied by Dr. How- 
ard Glenn of Abbott Laboratories. 
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for the particular run. All radioactive counting was done in duplicate in a 
scintillation well counter for a sufficient period of time to keep the probable 
error below 1 per cent. 


RESULTS 


The average T,-RU and T,-RU on control serum for 7 different runs with 
3 different shipments of T,-I'*! and T,-I'*! were 42 per cent and 12 per cent, 
respectively. 


The results in the patient group and volunteers are shown in Figure 1. It 
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Fig. 1. Comparison of resin-sponge uptake of I'* labeled triiodothyronine and thyroxine in 
various conditions, expressed as percent of pooled control serum. 
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can be seen that the normal range for the T,-RU was 90 to 113 per cent of normal 
control serum with a mean of 101 per cent, while that for the T,-RU was 85 to 
119 per cent with a mean of 99 per cent. The uptake values in the hyperthyroid 
group for both the T,-RU and the T,-RU showed no overlap with the normal 
group. The much higher results with a marked improvement in separation from 
normal with T,-RU in the hyperthyroid group is readily apparent. Separation 
from the normal range was less definite in the small number of hypothyroid pa- 
tients but the T,-RU appeared to be more reduced than the T,-RU. 


The pregnant subjects all had low T,-RU values, while the T,-RU values on 
the same subjects were less strikingly decreased. The “sick” or chronically de- 
bilitated subjects showed a slight elevation of the T,-RU values in four of the 
five subjects and of the T,-RU values in two of the subjects. The findings in this 
group and in pregnancy appear to be as predicted above. 


COMMENTS 


The use of labeled thyroxine in the resin uptake test for diagnosis of thyroid 
disease has received little attention. T,-RU studies, without concommitant com- 
parison with T,-RU, have been reported on sera of pregnant and non-pregnant 
women (2), and in thyroid disease (13), the latter at 3° C. incubation tempera- 
ture. No relative differences in group discrimination from what had been ob- 
tained previously with T,-RU using the sponge technique and room temperature 
were noted by the same authors (3). Brief comments on comparison of T,-RU 
and T,-RU have been made (5,7); about equal discriminating ability with 
the two tests were reported. Possible sources for the previous failure of T,-RU 
to yield relatively better diagnostic discrimination in thyroid disease, may be due 
to a combination of factors, such as lack of a stable resin preparation, suboptimal 
pH and temperature conditions, insufficient dilution of the binding carriers to 
accentuate the resin uptake, and failure to use control serum. More extensive 
studies in various conditions will be required to substantiate that the T,-RU tests 
is superior to the currently used T,-RU in the diagnosis of hyperthyroidism, and 
of equal value in other thyroid conditions. The concomitant performance of both 
tests in any given case may eventually result in a specific “Resin Profile” for 
various conditions. Simultaneous electrophoretic determinations of the thyroxine- 
serum protein carrier binding state are in progress to substantiate the basis for 
the various “Resin Profiles”. 


SUMMARY 


The resin uptake of L-triiodothyronine-I'*! (T,-RU) and L-thyroxine-I'*! 
(T,-RU) were performed on 18 normal subjects and 22 patients with thyroid dis- 
ease and non-thyroidal illness. In hyperthyroid subjects, the T,-RU data are 
much higher than the T,-RU data with marked improvement in the separation 
from normal. The T,-RU is felt to be superior to the T,-RU in the diagnosis of 
hyperthyroidism; its relative value in other conditions has yet to be established. 
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The Eleventh Annual Meeting of the Society of 
Nuclear Medicine 


To Members and Guests of the Society of Nuclear Medicine 


It is with pleasure that the Local Arrangements Committee invites you to 
the Eleventh Annual Meeting. The Committee is aware that for years you have 
been propagandized as to the many wonders of the San Francisco Bay Area 
and the State of California. We think it unnecessary to dwell further on those 
aspects but do think you will be interested in some of the arrangements for 
the meeting itself. 

The site selected is the Hotel Claremont in Berkeley, California. The Hotel 
is located on a hillside overlooking San Francisco Bay, the San Francisco Sky- 
line and the Golden Gate. It is approximately one mile from the Berkeley Campus 
of the University of California and about 20 minutes by private car or 30 minutes 
by public bus from downtown San Francisco. 

While on the subject of the hotel, note should be made of the favorable 
rates which have been obtained. Single rooms will be $11.00 per day while 
rooms with double beds will be $15.00 and twin bedded rooms $17.00. Further- 
more, if you wish to come a week or two before or remain a week or two 
following the meeting, the hotel has agreed to make the rooms available at 
convention rates. Since the American Medical Association which meets in 
San Francisco just after our meeting will block most hotel and motel space 
in the Bay Area, this room availability for extended visits is of considerable 
value to some. Incidentally, the hotel boasts of large, landscaped grounds in- 
cluding a new swimming pool and there are tennis courts available (at a 
small charge) at the adjacent Berkeley Tennis Club. 

For those who plan to motor to the meeting, there will be free parking 
on the grounds. If you arrive by plane or train, you will probably find it more 
convenient and more economical to schedule Oakland or Berkeley as your 
destination. For those arriving via the San Francisco airport, the helicopter is 
probably the easiest way to Berkeley (cost for this service is less if you purchase 
the ticket as part of your airline ticket). There is also a limited limousine service 
from the San Francisco airport to Oakland which is adjacent to Berkeley. The 
Committee requests those using the San Francisco airport and desiring transporta- 
tion to the hotel to let us know your arrival time and the number in your party 
by May 1, 1964; if enough need transportation at the same hour, perhaps 
some arrangements can be made with a local bus company. Whatever your 
plans, remember the AMA convention (we will be competing with them for 
space ) and make your reservations early. 

An interesting tour is planned for the ladies on Thursday, June 18th. 
Buses will leave the hotel at 10.30 a.m. for San Francisco’s Chinatown. On the 
way to Chinatown there will be a short visit to the Embarcadero and adjacent 
points of interest. Luncheon will be at an excellent Chinese restaurant. Follow- 
ing luncheon a group of Chinese girl dancers will entertain. After an hour or 
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so for wandering and shopping, the ladies will return to the hotel. (Cost for 
tour and luncheon about $5.50. ) 

On Friday there will be another Luncheon Tour for the ladies. This trip 
will proceed through the famous Napa Valley to two of the Valley’s fine 
wineries. It is planned to include the limestone aging cellars of the Beringer 
Winery and a luncheon on the lawns at the Krug Winery. You will see wine 
being made and have an opportunity to sample various varieties. Luncheon 
wines will be provided by the winery. (Cost for tour and luncheon about $6.00 
per person. ) 

The annual banquet, on Thursday evening, will be preceded by a cock- 
tail party provided by the commercial exhibitors. We expect to have music 
with dinner and entertainment to follow. We have been assured by our President 
that speeches will be reserved for other occasions. Incidentally, the Beaulieu 
Vineyards are supplying a fine wine. (Anticipated cost for banquet $7.50 per 
person. ) 

In addition to the above, present plans include: 


1. A free shuttle bus service between the hotel and downtown San 
Francisco on Friday evening. This is an evening for your own 
parties; there are no scheduled events. 

A daytime activity room for children. There will be attendants pres- 
ent but we will be unable to provide facilities for feeding, diaper 
changing or naps. Evening babysitting may be arranged through the 
hotel. 

A Get-Acquainted-Buffet-Breakfast is planned for the ladies on 
Thursday morning. We think this will be an excellent time to renew 
old acquaintances and to make new ones. 

The members of the Local Arrangements Committee will attempt 
to help you in other ways, as you make your wishes known to us. 


Before closing, we would like to announce that Dr. John H. Lawrence, 
Director of the Donner Laboratories of the University of California, has arranged 
a tour of these Laboratories. This tour, on Saturday afternoon, June 20th, is 
actually a part of the scientific portion of the meeting and is for members attend- 
ing the scientific meetings. Note, to make this tour more interesting and worth- 
while, the number will be strictly limited. 





An Introduction to the Proposed Bylaws 


The Society of Nuclear Medicine has, for several years, felt an urgent need 
for a revision of its Bylaws. Our present bylaws, enacted for the guidance of a 
relatively small membership, have become inadequate for a Society now grown 
large and complicated. At the 1963 meeting in Montreal it was proposed to pro- 
ceed with this rather difficult task without further delay. 

After considerable study of model bylaws and legal needs, a first revision 
was written and circulated within a representative group of members who 
were most conversant with the problems. Suggestions were received and in- 
corporated in a second revision, also circulated, and followed by a meeting in 
Chicago in November 1963 of a special committee of 25 members who assembled 
for an all day discussion of the revisions. The following day these changes were 
presented to the Trustees at their mid-winter assembly. 

After these two meetings, a third revision was prepared and is here pub- 
lished in the Journal. I believe this revision is excellent. It is adequate to our 
needs, is not unduly restrictive and it conforms to methods found to be efficient 
in the management of this Society. It represents long and careful study that I 
believe should be accepted. 

It occurs to me that the revisions can be better understood if a general review 
of the changes be presented rather than a comparative study of Article against 
Article, paragraph against paragraph. Actually, the changes tend to be needed 
additions rather than extensive alteration of old Bylaws. I will therefore go 
through the third revision as here published showing where changes and addi- 
tions have been made. 

In Article II, the statement of our objectives has been enlarged by the 
addition of the last sentence “to stimulate and disseminate research,” etc. Article 
III has been simplified but is essentially unchanged. Article IV continues to 
show the same classes of membership. They are better defined. The Emeritus 
classification now shows age 70 and 10 years of membership (it was 65 and 5) 
and further provides that this classification is to be requested, rather than 
imposed, upon a member. 

Article V, showing privileges, is entirely new. In old Article III, par 5, 
there is much discussion of charter membership. These paragraphs have been 
removed. The material in old Art III, par 6 and 7, covered in a mixture of 
dues, penalties for non-payment, privileges, etc. These have been split into 
separate Articles, simplified in language and made much more clear in mean- 
ing. An important change is the lodgment of dues determination in the Board 
of Trustees rather than the general membership. 

Article VII of the Revisions more accurately and adequately describes the 
duties of officers. Under the old bylaws, a president and several other elective 
officers could serve three years. This has been reduced to one year, though the . 
secretary and treasurer may still serve three. Committee men are not restricted 
as to number of terms. A very important change is the creation of a full fledged 
vice president. Under the old laws the president-elect became president in the 
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case of vacancy in the presidency. The executive committee has been reduced 
in size. The old committee was much too large to be assembled in an 
emergency. 

Under new Section VIII, replacing old Sec V, on the Board of Trustees, the 
paragraphs have been simplified, better defined and inactive paragraphs have 
been removed. The power to fill elective offices, if vacancies should occur, 
has been removed. There is better definition of what constitutes a quorum. 
Paragraphs 8 and 9 and an order of business have been added. 

The new Art IX on Meetings of the Society has been greatly expanded and 
made more specific. There is better provision for the determination of convention 
cities, time relations, statement of quorum (the old quorum was 10% of the 
total membership ), order of business, etc. 

Under new Art X, old Art VII, two new standing committees have been 
listed. International Affairs and Technologists are new. Legislation and Nomina- 
tions have been listed although they have long been active but unlisted. New 
subsections have been added that better define the operation of the Committees 
on Publications and of Nominations (new Art X, par 2 (a) and (b) ). Par 3 
and 4 of Art X are new and important. 

Article XI was formerly an amendment. Article XII is entirely new. It 
creates the Council of Past Presidents as a purely advisory body with no 
mandatory power. Article XIII is entirely new. We have previously had no 
mechanism for what might be, on rare occasions, very necessary. 

Article XI is entirely new as is Article XVI. These were curiously lacking 
in the old bylaws. Articles XVII and XVIII are unchanged. Article XIX on 
Necrology is entirely new and important. Article XX is unchanged. 

These modifications and additions are the significant changes in the old 
bylaws. I have excluded none, although in some areas the language, but not 
the intent, has been changed. 

I believe you have found this discussion to be useful. If you have sugges- 
tions, please write to me direct. Individual and well prepared booklets contain- 
ing the bylaws will be mailed to every member prior to the Berkeley meeting 
of June 1964. The revised bylaws will be voted on by the general membership at 
that time. 


THAD P. SEARS 
PRESIDENT 


Proposed Bylaws page 227 
Current Bylaws page 236 





Proposed Bylaws of the Society of Nuclear Medicine 


(Revision of January, 1964) 


ARTICLE I 
The name of the Society shall be The Society of Nuclear Medicine. 


ARTICLE II 
Objectives 


The objectives of this organization shall be to promote the discussion and 
communication of knowledge of nuclear phenomena as it applies or is likely to 
apply, to the better understanding and control of disease; and to stimulate and 
disseminate research advances in the biological and medical applications in the 
field of nuclear energy. 


ARTICLE III 
Organization 


. The Society of Nuclear Medicine is a scientific organization composed of in- 
dividuals who are members of Regional Chapters or are Members-at-large as 
defined in Section 2 and 3 of this Article. 


. Regional Chapters shall be established by the Board of Trustees on the basis 
of designated geographical areas. 


3. Members-at-large shall be those persons who by reason of geographical loca- 
tion are not members of an established Regional Chapter. 


. Admission of new Regional Chapters: A regional group may apply for mem- 
bership as a Regional Chapter by submitting to the Executive Committee of 
Society of Nuclear Medicine a list of its members, their qualifications, and a 
copy of its proposed Constitution and Bylaws. The Executive Committee, after 
consultation with the Chairman of the Membership Committee, shall sub- 
mit their recommendation to the Board of Trustees. On approval by a major- 
ity vote of the Board of Trustees, a quorum being present, the proposed 
Regional Chapter shall be admitted. 


ARTICLE IV 
Membership 


The Society of Nuclear Medicine shall consist of various classes of Mem- 
bership as specified in Sections 1, 2, 3, 4, and 5 of this Article. 


1. Members shall be persons possessing an advance degree who have an interest 
and competence in the applications of radioactivity. In exceptional cases indi- 
viduals not qualifying under the above may be accepted as Members by 
reason of outstanding contributions to nuclear medicine, as determined by 
the Board of Trustees. Applicants who file an official application form and 
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who are duly recommended by a majority vote of the Membership Committee 
to the Board of Trustees become members upon approval by a majority vote 
of the Board of Trustees, a quorum being present. 


Associate Members shall be persons possessing a college degree, or the equiva- 
lent thereof, as determined by the Membership Committee, and who have an 
active interest in the objectives of this Society and file an official application 
form. Applications will be processed as specified in Section 1 of this Article. 


Emeritus Membership: Any member of the Society at age seventy (70), with 
ten (10) years active membership, or any member who by reason of perma- 
nent disability or undue hardship has been rendered unable to continue active 
membership, may apply for Emeritus Membership by written application to 
the Secretary of the Society. The Emeritus classification shall be awarded by 
a majority vote of the Board of Trustees, a quorum being present. 


Honorary Members shall be those persons so proposed by the Executive Com- 
mittee or the Board of Trustees, and who have been accepted by a two-thirds 
vote of the membership at an annual business meeting, a quorum being pres- 
ent. 


Technical Affiliates shall be those persons who by virtue of working with 
physicians or other scientists engaged in any aspect of nuclear medicine have 
become proficient in this field and who file an official application form. Appli- 
cations will be processed in the same manner as those of Members and As- 
sociate Members. 

Official Application Forms for Members, Associate Members, and Technical 
Affiliates will be provided by the Secretary of the Society. 


ARTICLE V 


Privileges 


Members shall have all privileges of membership including the right to vote 
and hold office. 


Associate Members shall have all privileges of Members except the right to 
hold an elective office. They may hold committee appointments. 


Technical Affiliates shall have all privileges except the right to vote or hold 
elective office. 


Emeritus Members shall have all privileges except the right to hold office. 


Honorary Members shall have only the privilege of attending meetings. 


ARTICLE VI 


Dues 


Members, Associate Members, and Technical Affiliates shall pay annual dues 
as determined by the Board of Trustees. Emeritus and Honorary Members 
will not pay dues. 
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Dues are payable from January first of the year elected and become due and 
payable on January first of each year thereafter. 


Unpaid dues become delinquent on March first. The rights and privileges of 
membership, including voting, the holding of office, committee membership, 
and the participation in meetings are suspended during the period of delin- 
quency. Rights and privileges will be reinstated upon payment of delinquent 
dues within the annual year. After this period reinstatement can be made only 
by reapplication for membership as provided in Article IV. 


Regional Chapter dues will be included in the annual dues rendered by the 
Society. Regional Chapter dues shall be forwarded to each Chapter on or 
about March 15 of each year along with a list of delinquent members. 


ARTICLE VII 


Officers 


One or more candidates for each elective office shall be offered at the annual 
business meeting by the Nominating Committee. Nominations shall also be 
called for from the floor. One person shall be elected to each office by a 
plurality vote of the members by secret ballot. If it is the desire of the majority 
of the members present, the election may be conducted by voice vote. 


The elective offices are President, President-Elect, Vice-President, Vice-Presi- 
dent-Elect, Secretary, Treasurer, and Historian. The President, President- 
Elect, Vice-President, and Vice-President-Elect may serve only one term in 
such office. The Secretary or Treasurer may serve three terms. The Historian 
may serve without limitation of terms. A term of elective office is defined as 
the period between the installation of an officer at one annual business meet- 
ing of the Society until his successor is installed at the next annual business 
meeting. 


Duties of Officers: 


(a) President: The duties of President are as his title reasonably indicates or 
as listed in Robert’s Rules of Order, Revised. He shall preside at meet- 
ings of the Executive Committee, the Board of Trustees, the annual 
business meeting of the Society and at any special meetings that may be 
called. He shall appoint the chairmen for all standing and ad hoc com- 
mittees, the Nominations and Publications Committees excepted. He 
shall be an ex-officio member of all committees except the Nominations 
Committee. He shall be responsible in all matters, stated or implied, that 
are related to the safety, stature, and proper operation of the Society. 
With the consent of a majority of the Executive Committee, he may act 
in an emergency without a meeting of the Board of Trustees. 


(b) Vice-President: The duties of Vice-President are as his title reasonably 
indicates. In the case of temporary or permanent absence or disability 
of the President, he shall fill the immediate functions of the President. 
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President-Elect: The President-Elect shall have no assigned or appoint- 
ive functions. He sits with the Board of Trustees and other official 
groups and shall initiate such preparatory measures as are implied by 
his office. The President-Elect shall be installed as President at the next 
annual meeting of the Society where he would regularly be so installed. 
The order of succession to the Presidency, in case of need, is Vice- 
President, Secretary, Treasurer, President-Elect, Vice-President-Elect. 
Secretary: The Secretary shall be responsible for the keeping of minutes, 
the preservation of records, the compilation of membership rosters, the 
notification of meetings and all functions ordinarily implied by his of- 
fice. The Secretary shall, in addition, serve as Secretary of the Board of 
Trustees and as Recorder for the Nominating Committee without the 
right to vote unless otherwise specified. 

(e) Treasurer: The Treasurer shall be responsible for all funds and secur- 
ities of this Society. He shall receive and disperse funds, sign checks, 
act as fiscal consultant, and carry on all functions ordinarily implied by 
his office. 

(£) Historian: The Historian shall preserve appropriate documents and me- 
mentos of this Society and shall accumulate historical data which upon 
occasion he will record in formal writing. 


. Executive Committee: The duly elected officers, as above designated, and the 
immediate Past President shall constitute an Executive Committee. It shall 
be their duty to: 

(a) Facilitate the conduct of business of the Society but not in conflict with 
the Board of Trustees. 
(b) Act as a Board of Censors and as a Grievance Committee. 


ARTICLE VIII 


Board of Trustees 


1.. The Board of Trustees shall consist of not less than three (3) nor more than 
sixty (60) regular members of the Society. Past Presidents of the Society 
shall become ex-officio members of the Board of Trustees for life with a vot- 
ing membership limited to the subsequent five (5) years following their in- 
cumbency. The number of Trustees to serve for each succeeding year shall 
be fixed by resolution to be adopted at each annual meeting and there shall 
be appropriate chapter and geographical distribution. The initial number 
of Trustees shall be twelve (12) and in the event of the failure of the annual 
meeting to prescribe the number of Trustees to serve for the ensuing year, 
the number last previously fixed shall continue to be the number. 


. A number of candidates, equal to the number of Trustees retiring, shall be 
offered at the annual business meeting by the Nominating Committee. If 
the total number of Trustees on the Board is increased, the Nominating Com- 
mittee shall present an appropriate number of candidates for approval. 


3. The term of office for a Trustee shall be three (3) years. 
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. In addition to the Board of Trustees, as constituted above (Article VIII, 1.) 
the members of the Executive Committee, the Chairmen of the Standing 
Committees, and the Presidents of the Region Chapters shall be ex-officio 
members of the Board of Trustees and will have the right to vote. 


. Twelve (12) members of the Board of Trustees shall constitute a Quorum, 
a notice of the meeting having been sent to all Trustees not less than ten 
days prior to the meeting. 


. The Board of Trustees may fill any permanent vacancy on the Board by 
electing a member of the Society to complete the unexpired term. The Board 
of Trustees shall not have the power to fill vacancies in any elective office. 


. The Board of Trustees shall have general charge of the business affairs and 
the property of the Society; may make such rules and regulations as it shall 
from time to time deem necessary for the management and well-being of the 
Society and for carrying out its objectives; and may delegate to the Executive 
Committee any of its functions and powers upon terms specified in a resolu- 
tion to that effect adopted by a two-thirds vote of the Board, a quorum being 
present. Decisions of the Board of Trustees shall be taken by majority vote, 
a quorum being present. 


. Contracts, signatures, the acceptance of gifts and bequests and matters deal- 
ing with routine operations of the Society and not specifically controlled by 
these Bylaws, shall be functions’ of the Board of Trustees or its designates. 


. The Board of Trustees shall meet during the annual meeting of the Society 
and at an interim meeting, the time and place of the latter being designated 
by the Board. 

(a) Special meetings of the Board may be called by the President or by 
petition of any ten Trustees on approval of a majority of the Executive 
Committee. In the presence of an emergency, a special meeting shall be 
called, the reason being stated by air mail to all Trustees at least ten 
days before the proposed meeting. 


. The Board of Trustees at their annual business meeting shall approve by 
majority vote the candidates for elective office presented by the Committee 
on Nominations. 


. The Order of Business for a regular meeting of the Board of Trustees shall 


be as indicated below unless specifically suspended by a majority vote of 
the Board. 


(a) Call to order by the President or his designate. 
(b) Opening remarks by the presiding officer. 
(c) Reading of the minutes by the Secretary or his designate. 
(d) Treasurer’s report by the Treasurer or his designate. 
(e) Report of committees. 
(£) Election of new members. 
(g) Nominating Committee report. 
) 


(h) Old business. 
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) New business. 
) Announcements. 
) Adjournment. 


( 


i 
(j 
(k 


ARTICLE IX 


Meetings of the Society 


. The Society shall meet annually on a date and in a city proposed to the Board 
of Trustees by: 

(a) the Council of Past Presidents 

(b) by direct petition presented by any Regional Chapter. 

(c) by any member of the Board of Trustees itself. 


The Board of Trustees by majority vote, a quorum being present, shall make 
the final decision. This selection shall be made not less than three years prior 
to the meeting under consideration. 


3. The official meeting place within the city, chosen in accordance with para- 


graph 1. above, will be proposed by the Council of Past Presidents and 
adopted by the Board of Trustees at their annual meeting not less than two 
years prior to the meeting under consideration. 


A quorum for the annual business meeting of the Society shall be fifty (50) 
Members, excluding all elected officers, five (5) Regional Chapters being 
represented. 


Special meetings of the Society shall be called at any time by the President on 
motion of the Executive Committee or by petition of ten (10) per cent of the 
voting membership of the Society representing at least one-half of the 
Regional Chapters. Written notice of the agenda shall be sent to the member- 
ship sixty (60) days in advance. 

Presentation of scientific papers at the annual meeting of the Society by non- 
members of the Society shall be by invitation of the Scientific Program Com- 
mittee only. 


Unless suspended by action of the Board of Trustees, the Order of Business 
at the annual business meeting shall be as follows: 


Call to order by the President. 
Remarks of the President. 

Reading of minutes by the Secretary. 
Treasurer's report by the Treasurer. 
Report of Committees. 

Report of Nominating Committee. 
Election of officers and Trustees. 
Old business. 

Installation as President of the current President-Elect. 
New business. 

Announcements. 

Adjournment. 
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ARTICLE X 


Committees 


1. There shall be standing committees and ad hoc committees. The Standing 
Committees shall be as follows: 


(a) Standing Committees 


_ 
~~" 


Membership 
Scientific Program 
Bylaws 

Finance 

Education and Research 
Legislation 
International Affairs 
Technologists 
Publications 

Local Arrangements 
Nominations 
Radiation Protection 
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. The chairmen of the standing committees will be appointed annually by the 
President except for the following committees: 

(a) Publications: The Chairman of the Publications Committee shall be ap- 

pointed for a five (5) year term by the Board of Trustees. The mem- 

bers of the Publications Committee shall be appointed for one (1) year 


terms by the Board of Trustees on the recommendation of the Chairman 
of the Committee. 

Nominations Committee: The Chairman of the Nominations Committee 
shall be the immediate Past President. The members of the Committee 
shall be the Past Chairman, the President of each Regional Chapter or 
his appointee, and one member-at-large appointed by the Chairman. 
The President shall not be an ad hoc member. 


3. Chairmen or committee members shall not be limited as to the number 
of terms of office. 


4. A chairman may or may not appoint the members of his own committee 
in accordance with the wishes of the President. The Publications and Nomi- 
nations Committees excepted as provided in Section 2. (a) and (b) above. 


5. The President may appoint ad hoc committees at his pleasure for such pur- 
poses as he may deem necessary. 


ARTICLE XI 


Nuclear Pioneer Lecture 


. At each annual meeting of the Society there may be an address honoring a 
Pioneer Scientist in the area of Nuclear Medicine. The address shall be 
titled the Ist, 2nd, 3rd, etc., annual Nuclear Pioneer Lecture. The individual 
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honored and the speaker shall be designated by the President-Elect with the 
approval of the Scientific Program Committee for the meeting at which he 
will be President. 


ARTICLE XII 


Council of Past Presidents 


. The Council of Past Presidents shall consist of all Past Presidents. They shall 
automatically become members of the Council upon termination of their 
term of office as President. Each immediate Past President shall serve as 
Chairman for the ensuing year. Membership will be perpetual. 


. The function of the Council shall be deliberative and advisory only. It shall 
have no voting power outside of itself and its judgments will not be mandatory 
upon the Society. It will deal with broad and continuing polices, directional 
trends and unity of effort in the multiple interests cf the Society. It may report 
to any and all branches of the Society on any policy, at its discretion. 


ARTICLE XIII 


Removal from Office 


. Any elected officer may be removed from office by a two-thirds affirmative 
vote of the Board of Trustees, a quorum being present. Formal charges shall 
be made and circulated to all members of the Board of Trustees and to 
the officer charged at least thirty (30) days before the meeting. The officer 
charged shall have the right to personal appearance and defense before the 
Board at any regular or special meeting. 


. A committee chairman or committee member may be removed from office 
by the appointing authority, with approval of the majority of the Executive 
Committee after due and good reason has been presented to the Executive 
Committee. Such a charged individual shall have the right of appeal to 
the Board of Trustees. This paragraph shall not apply to the Nominating 
Committee or the Committee on Publications. 


ARTICLE XIV 
Seal and Gavel 


. The seal of the corporation shall be adopted at the first annual meeting. 


. An official gavel of the Society shall be established and inscribed with the 
name of each president of the Society. 


ARTICLE XV 


Society Journal 
. An official Journal of the Society shall be authorized. 
. The Board of Trustees shall appoint the Chairman and the Members of the 
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Publications Committee in accordance with Article X, Section 2. (a). The 
Board shall exercise control of the Journal within its own discretion and 
with broad powers as herein provided. 


ARTICLE XVI 


Administrative Office 

. An Administrative Office and an Administrator shall be procured at the dis- 
cretion of the Board of Trustees and the control of these functions shall be 
continued on the basis of broad powers as herein assigned to the Board of 
Trustees. 


. The fiscal year of this Society shall begin on October first of each year. 


ARTICLE XVII 
Parliamentary Authority 


. All questions of parliamentary procedure shall be determined at all meetings 
of the Society, or the Board of Trustees or the Executive Committee, by 
Robert’s Rules of Order, Revised, except where such procedures are gov- 
erned by the provisions of these Articles and Bylaws. 


ARTICLE XVIII 


Amendments 


. The Bylaws of the Society may be amended by a two-thirds vote of members 
in good standing, present and voting at any annual meeting, provided a 
quorum be present and provided that a copy of the proposed amendment 
has been issued and sent to all members of the Society not less than thirty 
(30) days prior to said meeting. 


. Any person classified as a Member of the Society may initiate a proposal 
for an amendment to the Bylaws. Such a proposal shall be presented to 
the President of the Society in writing, who shall submit it to the Bylaws 
Committee for their consideration, and report to the Board of Trustees. 
On approval by a majority vote of the Board of Trustees the amendment 
shall be presented at the Annual Meeting of the Society after proper classi- 
fication of the membership as provided in Article XVIII, Section 1. 


ARTICLE XIX 
Necrology 


. It shall be the duty of the Secretary to assume the functions of necrologist for 
the Society; however, this duty may be assigned to a committee at the dis- 
cretion of the President. 


ARTICLE XX 
Termination of the Society of Nuclear Medicine, Inc. 
. In the event that the Society of Nuclear Medicine, Incorporated, shall ever 
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cease to exist, it is hereby resolved that all minutes, books, and pertinent 
documents shall be donated to the National Medical Library for their 
disposition. 

It is hereby further resolved, if the Corporation ceases to exist, that all 
monies in the Treasury of the Society of Nuclear Medicine, Incorporated, 
after payment of all outstanding debts, shall be contributed to the National 
Society of Medical Research to carry out their many worthwhile programs. 


Current By-laws of the Society of Nuclear Medicine 


ARTICLE I 
Name 


The name of the Society shall be The Society of Nuclear Medicine. 


ARTICLE II 
Objects 


The objects of this organization are to promote the discussion and communication 
of knowledge of nuclear phenomena as it applies or is likely to apply to the better 
understanding and control of disease. 


ARTICLE II A 
Organization 

The Society shall consist of: 

(a) Regional chapters 

(b) Members at large. 
The chapters shall be regional groups consisting of members having qualifi- 
cations as stated in Article III of the By-Laws. Chapter members may become 
members of the Society on proper application and payment of dues as set 
forth in Article III, 1. Members at large shall be members, associate mem- 
bers, emeritus members and honorary members belonging to the Society of 
Nuclear Medicine but who are not affiliated with any chapter or regional 
group. 
Admission of new regional chapters; a regional group may apply for a 
charter by submitting a list of members, Articles of Agreement and By-Laws 
to the Executive Committee of the Society for their recommendation to the 
Board of Trustees. The Executive Committee will submit their recommenda- 
tion to the Board of Trustees at the annual meeting. On approval by 
a two-thirds vote of the Board of Trustees, the proposed regional chapter 
shall be admitted. 


ARTICLE III 
Membership 


The membership of this Society shall consist of various classes: Members, As- 
sociate Members, Technical Affiliates, Emeritus Members, and Honorary Mem- 
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bers. Their qualifications, duties, perogatives, and rights shall be listed below: 


% 


Members: members of this Society shall be persons possessing an advanced 
degree (M.D., Ph.D., or M.S.) in the medical, biological, or physical sciences 
and who have an interest and competence in the applications of nuclear 
radiation. In exceptional cases, individuals not qualifying under the above 
may be accepted to membership by reason of outstanding contribution to 
nuclear medicine by action of the Executive Committee. Applicants for 
membership who file a completed application form, and are duly recom- 
mended by a vote of the majority of the membership committee to the 
Executive Committee become members upon approval by a majority vote 
of the Executive Committee. Applicants for membership at large who file 
a completed application form, and are duly recommended by a vote of a 
majority of the membership committee to the Executive Committee become 
members upon approval by a majority vote of the Executive Committee. 
Notice of proposed members at large will be circulated by mail or posting 
to the membership prior to action by the Executive Committee. 


Associate members: associate members in the Society shall consist of those 
who have a college degree or the equivalent thereof defined by the member- 
ship committee, who have an active interest in the objectives of the Society 
and file an application and are processed in the manner of members. 


2A. Technical Affiliate: technical affiliates in the Society shall consist of those 


who may not possess a college degree or the equivalent thereof as defined 
by the membership committee but who have an active interest in the ob- 
jective of the Society and file an application and are processed in the 
manner of Members. The classification of Technical Affiliate is open to any 
technicians working with physicians and other scientists engaged in any 
aspect of nuclear medicine. Technical Affiliates will not be entitled to hold 
office or vote. 


Emeritus members: emeritus membership shall be open to those past the 
age of sixty-five (65) who have been previously qualified members of this 
Society for five (5) years. Or, those under the age of sixty-five (65) who 
have, for other reasons, reached a state of retirement but continue their 
interest in the organization (such classification established by the Board of 
Trustees upon recommendation of the membership committee). Emeritus 
membership carries no dues, no votes, or business privileges. 


Honorary members: anyone may become an honorary member of this organ- 
ization if so elected by the Society at a regular meeting, after proposal by 
the Executive Committee or the Board of Trustees. Honorary membership 
carries no dues, no votes nor business privileges. 


Charter membership: any individual who makes application to join the 
Society on or before the date of the first official annual meeeting and is 
accepted in the manner and according to standards afore-provided for a 
member may be termed a charter member. It shall be necessary that a charter 
member shall have had his signature appended to the original document as 
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drawn at the founder’s meeting in Spokane, or shall make separate written 
application to be a charter member. 

All charter members shall have their qualifications reviewed by and ap- 
proved by the committee on membership and credentials, which committee 
is appointed by members of the organizational meeting of the Society and 
appears appended to the original papers. It shall be required in addition 
that individuals making separate application for charter membership be 
recommended by two of the signatures of this document. Availability of 
such charter membership is limited in time to the date of the first annual 
meeting. 


. Members of the Society shall pay annual dues of twelve dollars ($12.00) per 
year. Associate Members of the Society shall pay annual dues of nine dollars 
($9.00) per year. Dues for the current year must accompany the application 
for membership in the Society, these shall be refunded if the application is 
denied. After election to membership or associate membership as covered in 
Article III, paragraphs 1 and 2, dues become due and payable on January 
1 of each succeeding year and are delinquent in sixty (60) days thereafter. 
Appropriate notice of the annual dues for the National Society and the 
Regional Chapter will be mailed to the members by the Treasurer of the 
National Society. Regional Chapter dues will be rebated to the appropriate 
Regional Chapter by the Treasurer of the National Society. The rights and 
prerogatives are those customary to the members of any organization, in- 
cluding voting, participation in meetings and discussions, and committee 
membership, etc., as indicated and as outlined hereinafter by the By-Laws. 
These rights and prerogatives will automatically cease with the delinquency 
of dues. Member or associate member status in the Society is reinstateable 
within the remainder of the “annual” year by the appropriate payment of 
dues. After this “annual” period, reinstatement can be made only by re- 
application for membership or associate membership in the Society as pro- 
vided in the By-Laws. Associate membership does not extend the privilege of 
voting on matters of business of the Society or holding elective office. Upon 
the completion of the election to membership in the Society, the member 
may request a certificate of membership of the appropriate category on 
payment of an appropriate fee to cover the cost of such a certificate. 


. Technical Affiliates of the Society shall pay an annual dues of $7.50. Dues 
for the current year must be paid upon receipt of notification of election 
as a Technical Affiliate, thereafter, dues become due and payable on January 
Ist of the succeeding year and are delinquent in sixty (60) days. Technical 
Affiliates will be technical affiliates of the Society’s Regional Chapters. Notice 
of the annual dues of the National Society and the Regional Chapter will be 
mailed to each Technical Affiliate by the Treasurer of the National Society. 
Regional Chapter dues will be rebated to the appropriate Regional Chapter 
by the Treasurer of the National Society. Technical Affiliates will receive a 
certificate of membership upon notification of election. Technical Affiliates 
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will receive as part of their annual dues the Journal of Nuclear Medicine 
and other regular mailings sent to the general membership of the Society. 
Technical Affiliates may attend all meetings of the National Society and 
Regional Chapters on the same basis as the general membership of the 
Society. 


. The Board of Trustees is empowered to sponsor the establishment of, or to 
establish an official registry for Technical Affiliates. 


ARTICLE IV 
Officers, Election Terms and Duties 


. The officers of this Society shall be president, president-elect, vice-president, 
vice-president-elect, secretary and treasurer, elected annually by the member- 
ship. One or more candidates for each of the offices shall be offered to the 
annual meeting of the Society by a nominating committee consisting of the 
current past president and the president of each regional chapter, or his 
appointee, and one member at large appointed by the current past president. 
Nominations may be made from the floor at the time of the annual meeting 
and one person elected to each office by a plurality vote by secret ballot 
with the exception that if it is the desire of the majority of the members 
present at the annual meeting, the election of officers may be conducted by 
voice vote. Such officers hold office from the conclusion of the regular annual 
meeting at which they are elected until the end of the subsequent annual 
meeting. 


. No officers shall serve more than three successive elective terms, and, in 
case of immediate repetition of office, shall be uneligible at any time for 
subsequent nomination beyond this number of terms. 


. The first officers of the Society shall be those elected by majority vote of 
the founders, as outlined in the minutes of the first organizational meeting. 
Subsequent officers shall be elected at annual meetings and hold such office 
in the manner above outlined. 


. Duties of officers: the duties of the officers are as their titles reasonably indi- 
cate or as customarily listed in Robert’s Rules of Order, Revised. The duties 
ordinarily assigned to the vice-president shall be carried out by the im- 
mediate past president, in case of temporary absence or disability of the 
president. In: case of permanent vacation of the office of president, the 
president-elect shall assume the duties of the president and continue on 
through the unexpired term and the term normally expected by his original 
election to the position of president-elect. The president-elect shall succeed 
to the presidency at the next annual meeting, except for just and proper 
cause as determined by the Board of Trustees upon recommendation of the 
Executive Committee. The vice-president-elect shall be chosen from near 
the geographic location of the ensuing convention of the Society and his 
function shall be to serve as chairman of the arrangements committee for 





240 CURRENT BYLAWS 


said convention. The vice-president is expected to submit an analytical 
critique report of the annual meeting of the Executive Committee within 
thirty days after the annual meeting. The secretary of the Society shall issue 
a certificate to each outgoing officer as a memento of his service to the 
Society. The treasurer of the Society shall submit a CPA audit of the books 
of the Society prior to each annual meeting. 


The officers as above designated together with the immediate past president, 
chairman of the standing committees and the President of each chapter as 
hereinafter outlined shall constitute an Executive Committee. 

a. It shall be their duty to facilitate the conduct of business of the Society, 
not in conflict with the Board of Trustees or these By-Laws or Articles of 
Agreement. 

It shall be their further duty to act as 
1) The Board of Censors of the Society 
2) The Grievance Committee 

3) The Mediation Board 

This group shall become ex-officio members of the Board of Trustees during 

the terms of their several offices. 


ARTICLE V 
Board of Trustees 


The Board of Trustees shall consist of not less than three (3) nor more 
than Sixty (60) regular members of the Society. Past presidents of the So- 
ciety shall become ex-officio members of the Board of Trustees for life with 
a voting membership limited to the subsequent five (5) years following 
their incumbency. The number of trustees to serve for each succeeding year 
shall be fixed by resolution to be adopted at each annual meeting and there 
shall be appropriate chapter and geographical distribution. The initial num- 
ber of trustees shall be twelve (12) and in the event of the failure of the 
annual meeting to prescribe the number of trustees to serve for the ensuing 
year, the number last previously fixed shall continue to be the number. 


Except as provided before, trustees shall hold office for a period of three years, 
or until their successors are chosen. 


The first members of the Board shall be the organizing group, the sub- 
scribers to the agreement of the Society at the first meeting in Spokane. The 
Board members then elected shall hold office until the election of their 
successors at the first regular annual meeting. At the first annual meeting 
of the Society there shall be elected, in addition to officers of the Society 
(members of the Board of Trustees ex-officio) four (4) trustees to hold 
office for three years or until their successors are elected, four (4) trus- 
tees to hold office for two years or until their successors are elected, and 
four (4) trustees to hold office for one year or until their successors are 
elected. Commencing with the second regular meeting of the Society and 
each annual meeting thereafter, four (4) trustees shall be elected to serve 
a three year term or until their successors are elected. In addition, the officers 
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above listed are ex-officio members of the Board of Trustess, and the 
chairmen of the standing committee subsequently designated are to be also 
ex-officio members of the Board of Trustees. 


. A quorum of the Board of Trustees shall consist of the majority of the 
members of said board present and voting at any meeting of said board. 
In the event of a vacancy of a member occurring among the trustees, the 
remaining members of the Board of Trustees may fill such vacancy by elect- 
ing some member of the Society to fill out the unexpired vacant term. 


5. The Board of Trustees shall have the power to fill vacancies occurring in 
any of the offices of the Society by electing some member of the Society to 
fill out the unexpired term of said office, unless otherwise provided. 


The Board of Trustees shall have general charge of the business affairs and 
the property of the Society; may make such rules and regulations as it shall 
from time to time deem necessary for the management and well-being of the 
Society and for carrying out its objects; and may delegate to the Executive 
Committee at the annual meeting of the Society any of its functions and 
powers upon terms specified in a resolution to that effect adopted by a two- 
thirds vote of the Board, a quorum being present. Decisions of the Board 
of Trustees shall be taken by majority vote, quorum being present, except in 
some cases where the Articles of Agreement or By-Laws otherwise specify. 
In the event that an official organ of the Society is to be published, the Board 
of Trustees may appoint an Editorial Board on a continuing basis at its 
discretion. 


ARTICLE VI 
Meeting of the Society 


. The Society shall meet once annually on a date and at a place proposed 
by the program committee and adopted by the Society in annual meeting 
prior to the meeting under consideration. 


2. A quorum at any meeting shall be 10% of the members with two-thirds of 
regional chapters represented. 


Special meetings of the Soicety may be called at any time by the President 
on motion of the Executive Committee or a petition of 10% of the members and 
membership with half of the chapters represented. Written notice of the 
agenda shall be sent to the membership sixty (60) days in advance. 


. Presentation of scientific papers at the annual meeting of the Society by 
non-members of the Society shall be by invitation only. 


ARTICLE VII 


Committees 


There shall be standing committees and special committees. 
1. The standing committees shall be: 
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. Membership . Finance 

. Program . Arrangement 

. Publications . Education and research 

By-Laws Radiation Safety 
The members shall be appointed by the president for three years with 
staggered terms of office in the usual manner, the number and apportionment 
by regional chapters to be determined by the Executive Committee at the 
annual meeting of the Society. 
2. There may be special committees, including a Society historian, appointed 

by the president annually, or at his pleasure, for such purposes as he may 
deem fit, from time to time or by suggestion of the various legislative bodies. 


ARTICLE VIII 
Seal and Gavel 
. The seal of the corporation shall be adopted at the first annual meeting. 
. An official gavel of the Society shall be established and inscribed with the 
names of each president of the Society. 


ARTICLE IX 
Parliamentary Authority 
All questions of parliamentary procedures shall be determined at all meetings 
of the Society in general, or the Board of Trustees or the Executive Committee, 
by Robert’s Rules of Order, Revised, except as they may be in direct conflict with 
other provisions of these Articles and By-Laws. 


ARTICLE X 

Amendments 
By-Laws of the Society may be amended by a two-thirds vote of the members in 
good standing, present and voting at any annual meeting, provided that there 
be a quorum present and that full notice and a copy of such amendment has 
been issued not less than thirty (30) days prior to such meeting, to all members, 
in writing. 
Approved at annual meeting 
June, 1959 ARTICLE XI 

Amendments 
Annual Address—Nuclear Pioneers Series 
At each Annual Meeting of the Society there may be an address honoring a 
Pioneer investigator in the scientific areas of nuclear medicine. The address 
shall be titled the Ist, 2nd, etc. annual address in the Nuclear Pioneers Series. 
The scientific investigator to be so honored and the speaker shall be chosen at 
the discretion of the Program Committee. 


ARTICLE XII 
Termination of the Society of Nuclear Medicine, Incorporated 

Section 1. In the event that The Society of Nuclear Medicine, Incorporated 
shall ever cease to exist, it is hereby resolved that all minutes, books and 
pertinent documents shall be donated to the National Medical Library for their 
disposition. 

Section 2. It is hereby further resolved, if the Corporation ceases to exist, that 
all monies in the Treasury of The Society of Nuclear Medicine, Incorporated, 
after payment of all outstanding debts, shall be contributed to the National 
Society for Medical Research to carry out their many worthwhile programs. 








President's Letter 


THAD P. SEARS, M.D., F.A.C.P. 


As the location for our June 1964 annual meeting, emphasis should be given to the very 
desirable features of Berkeley, California, and the Claremont Hotel. Of first importance is the 
fact that, with the exception of a few bedrooms, the Society will enjoy sole occupancy of the 
hotel. Such an opportunity is of great value and is rarely encountered. 


Next comes the geographic location. The Claremont is situated on the Berkeley Hills over- 
looking the San Francisco Bay, the fascinating San Francisco skyline and the Golden Gate 
Bridge. John Lawrence tells me that the Claremont is the most beautifully located hotel in the 
Bay Area. It is surrounded by lawns, flower gardens, tennis courts and a new swimming pool. 


The Claremont is within one mile of the campus of the University of California. It is fitting 
that a Nuclear Society meet within arm’s length of one of the greatest centers of nuclear science 
in the world. Here are the great cyclotrons, the bevatron, the eminent Donner Radiation Lab- 
oratory. Tours of the area and transportation will be supplied. 


Downtown San Francisco is about 20 minutes away from the hotel by private car and 30 
minutes by public transportation. (Peak load traffic hours excepted.) On Friday night the So- 
ciety will operate a private shuttle bus from the hotel to downtown San Francisco. Brochures 
of local activities and maps of the area will be available. 


Of great importance are the very special prices offered by the Claremont to the Society 
members for rooms and meals. No charge will be made for children. In San Francisco the prices 
for rooms, in any hotel our people would be interested in, range around $20 to $25 daily. Meals 
average $3 for breakfast, $3.50 for luncheon, $5 to $10 for dinner. In addition, we would en- 
counter the confusion incident to the meeting of the A.M.A., which comes immediately after 
our meeting. 


At the Claremont we avoid the confusion and enjoy prices about two-thirds of those asked 
in San Francisco. We have a hotel to ourselves, pay no special fees for the use of assembly 
rooms and all of this in a hotel that is anxious to serve us and is, in every respect, a first class 
institution. The hotel guarantees these same reasonable prices to any member for a period of 
two weeks before or two weeks after our meeting. 


The annual banquet will be preceded by a cocktail party contributed by the commercial 
exhibitors. Wine for the dinner will be supplied by one of California’s finest wineries. Enter- 
tainment will be Polynesian with a small orchestra. 


For the ladies there will be an excellent scientific program plus a sightseeing bus tour of 
San Francisco, a luncheon in Chinatown, a trip up the beautiful Napa Valley and a luncheon 
at one of the wineries. Thursday morning there will be a get-acquainted breakfast. 


A daytime baby-sitting service will be available throughout the meeting without charge 
to the members. 


Vice President Glen Sheline is in charge of local arrangements. Write to shim if you desire 
more information. He has a large committee including their ladies. And I don’t need to tell you 
that the California talent for staging such affairs probably tops any group of citizens in this 
country. 


From where I sit, the scientific program looks to be of top quality. Comes now a local ar- 
rangements program to match it and one to be enjoyed at a moderate cost. And take a tip from 
an insider; make early reservations. If we overrun the Claremont, other accommodations have 
<a been provided. But a provident man is full. of wisdom; my tip is to the wise. Carpe 
aiem, 
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Total Iron-Binding Capacity in Normal Pregnancy’ 


George D. Malkasian, Jr., M.D.,? W. Newlon Tauxe, M.D.* and 
Albert B. Hagedorn, M.D.* 


Rochester, Minnesota 


It is estimated that the human body normally contains 3 to 4 gm of iron, 
an essential component of hemoglobin, myoglobin, the cytochromes, and other 
enzyme systems. There are about 1.8 to 3.0 gm of iron in the circulating hemo- 
globin mass, 0.3 to 0.5 gm in myoglobin or cellular iron, with the remainder 
being stored in the liver, spleen and bone marrow. 

Our current study involves the changes in the transport mechanism of iron 
surrounding normal pregnancy in white women. At any one time, approximately 
3 mg of iron is bound to serum proteins. Studies using Fe*® have shown that this 
iron turns over five or six times per day, that is, approximately 30 mg is trans- 
ferred to and from the plasmatic pool in any given 24-hour period. 

Under normal nonpregnant conditions there is enough iron-binding protein 
to bind about 9 mg of iron; therefore only about one third of the iron-binding 
protein is saturated at any one time. The unsaturated iron-binding protein is re- 
ferred to as the latent iron-binding capacity. The serum iron plus the latent iron- 
binding capacity constitute the total iron-binding capacity. 

Though total iron-binding capacity has been studied in the past, we thought 
that the availability of a new sensitive rapid test warranted re-evaluation of this 
entity for establishment of its physiologic changes associated with normal preg- 
nancy. We also thought that evaluation was indicated when these normal preg- 
nant women were given maintenance doses (150 mg) of ferrous sulfate daily 
by mouth. With the establishment of this standard we would then be able to 
evaluate the changes in the total iron-binding capacity occurring with the ane- 
mias and the other complications of pregnancy such as the toxemias. 


PROTOCOL 


Serum iron and latent iron-binding capacities were determined on pregnant 
women whose hemoglobin concentrations were more than 10 gm per 100 ml of 
blood and whose pregnancies were considered normal in all other aspects. Four 
groups of patients were studied: (1) 121 who had received no iron therapy; (2) 


*Read at the meeting of the Society of Nuclear Medicine, Montreal, Quebec, Canada, June 
26 to 29, 1963. 

*Section of Obstetrics and Gynecology, Mayo Clinic and Mayo Foundation, Rochester. 
Minnesota. 

*Section of Clinical Pathology, Mayo Clinic and Mayo Foundation, Rochester, Minnesota. 

‘Section of Medicine, Mayo Clinic and Mayo Foundation, Rochester, Minnesota. 
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54 who had received ferrous sulfate orally for 2 or more months prior to the 
tests; a single determination was made on each subject in groups 1 and 2 and 
tabulated for the lunar month of the pregnancy as estimated from the date of 
onset of the last menstrual period; (3) 32 who were in the postpartum period; 
and (4) 30 paired full-term infants and mothers on whom determinations were 
made on blood samples obtained at the time of delivery. 

Serum iron was determined by a method described by Ramsay (1) utilizing 
the formation of the ferrous dipyridyl complex, a colorimetric method. The 
latent iron-binding capacity was determined by a method outlined by Tauxe (2) 
using a mixture of radioactive and nonradioactive iron, supersaturating the serum 
proteins, removing the excess iron with resin, and measuring the concentration 
of Fe®® remaining in the serum. 

The standards established by these methods for normally menstruating non- 
pregnant women are 75 to 175 »g/100 ml of serum for serum iron and 275 to 
400 »g/100 ml of serum for total iron-binding capacity. 


TABLE II 


SERUM IRON: COMPARISON BETWEEN PRIMIGRAVIDAS AND MULTIGRAVIDAS IN 
THE NONTREATED GROUP 








Primigravidas Multigravidas 





Lunar 
month Average Serum iron, wg/100 ml Average Serum iron, wg/100 ml 
hemoglobin, hemoglobin, 
gm/100 ml gm/100 ml 
Range Average Range Average 











.? 68-127 110.7 12.8 55-176 111.7 








12.6 98-144 116.4 12.1 57-189 120.7 





i. 69-167 120 11. 70-215 126 








YF 59-142 98.3 11. 79-170 127 








11. 111-150 | 135 ot. 43-92 





11. 56-126 91 ii. 84-220 





11. 75-107 91 10. 61-92 





ah. 117-180 11. 95-110 





10. 78-107 12. 56-152 
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RESULTS 


Though the serum-iron levels fluctuated during pregnancy, neither the range 
nor the average showed any particular trend in either the treated or the non- 
treated group (Table I). In almost every category there were serum-iron levels 
below normal despite the normal hemoglobin levels. To evaluate the possibility 
that previous pregnancies might have influenced the serum-iron levels, primi- 
gravidas were compared with multigravidas in the nontreated group; there was 
no significant difference between the two groups (Table II). 

The average total iron-binding capacity became increased in the nontreated 
group in the sixth lunar month and in the treated group in the seventh lunar 
month (Table III). The range of the total iron-binding capacities rose above 
the upper limit of normal in the eighth lunar month in the nontreated group 
and in the ninth month in the treated group. In the treated group the average 
total iron-binding capacity declined slightly as term approached. 

The mean saturation of the iron-binding protein in the nontreated group de- 
clined from 32.8 per cent in the first trimester to 30.7 per cent in the second and 
to 26.3 per cent in the third. In the treated group the mean saturation of the 
iron-binding protein was 25.9 per cent in the second trimester and 29 per cent 
in the third. 

In the postpartum period the serum-iron levels in both groups were lower 
in the first week than in the later weeks (Table IV). The total iron-binding ca- 
pacities had returned to normal by the fourth postpartum week in both groups. 

The data for the two groups during pregnancy and the postpartum period 
are summarized in the illustration. 
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Fig. 1. Total iron-binding capacity and serum iron during pregnancy and the postpartum pe- 
riod in treated and untreated women. 
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The serum-iron level in the mothers was consistently lower than in the cord 
blood of the infants at term, and the total iron-binding capacity in the mothers 
was consistently higher than in the infants (Table V). The mean saturation of 
the iron-binding protein was 23.2 per cent in the mothers at term and 61.5 per 
cent in the infants. In 37 per cent of the infants the iron-binding protein was 80 
per cent or more saturated. 


DISCUSSION 


The method used to determine latent iron-binding capacity has an error of 
less than 1 per cent. The Ramsay chemical method of serum-iron determination 
has an error of 2 per cent. Bowie and co-workers (3) have shown that there is no 
significant diurnal variation in total iron-binding capacity. 


TABLE III 


TotTaL IRON-BINDING CAPACITY IN PREGNANCY 


Nontreated Treated 





Lunar Total iron-binding | Total iron-binding 


month Determi- capacity, ug/100 ml Determi- | capacity, wg/100 ml 
nations nations | 








Range Average 





Range | Average 





252-472 350.8 





246-442 342.8 








261-559 375. 
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| 


214-442 365. 





347-514 401. 








335-525 | 426. 





463-504 473. 





456-529 489. 








381-661 491.5 | | 317-655 





472-579 | 496.3 | | 418-515 
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It is frequently stated that in normal women the serum-iron levels decline 
progressively during pregnancy (4-8), but other authors (9, 10) state that they 
remain constant. Gerritsen and Walker (10) in their study of Bantu women hy- 
pothesized that the unchanged serum-iron levels in pregnancy are due to the high 
iron intake of their subjects. It has been shown (7, 11) that iron uptake from the 
intestinal tract is increased in the later part of pregnancy. In this light it is of par- 
ticular interest that the serum-iron levels in both the treated and the nontreated 
group in our series did not change during pregnancy. Parity did not account for 
any difference in serum-iron levels. 

Our finding that the total iron-binding capacity rose during pregnancy is 
consistent with that reported by others (4-7, 9). This suggests that the deviation 
in iron-binding capacity is part of the mechanism aiding in the increased absorp- 
tion of iron from the gastrointestinal tract (12). This increased absorption is 
known to occur late in pregnancy. The constant serum-iron levels are consistent 
with an increased rate of iron turnover from the plasmatic pool either to maternal 
storage or to the fetus whose need for iron is increasing. 


SUMMARY 


Using a chemical method of determining serum iron described by Ramsay 
and a method utilizing Fe®® for determining total iron-binding capacity as de- 
scribed by Tauxe, we found that (1) serum-iron levels remained within normal 
limits with or without supplemental iron therapy during pregnancy; (2) the total 
iron-binding capacity exceeded normal starting in the sixth lunar month in the 
nontreated group and in the seventh lunar month in the treated group, and it 
decreased slightly in the latter toward term and had returned to normal in both 
groups by the fourth postpartum week; and (3) the fetal serum-iron levels were 
consistently higher than the maternal levels despite a consistently lower total 
iron-binding capacity in the fetus. 


TABLE V 


VALUES FOR SERUM IRON AND TOTAL [RON-BINDING CAPACITY IN MOTHERS 
COMPARED WITH VALUES IN INFANTS 











Serum iron, pg/100 ml Total iron-binding capacity, ug/100 ml 





Range - Average Range | Average 





Maternal 80-244 117.6 339-601 | 508.0 
Infant 125-333 176.8 202-393 | 287.0 
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Announcement to Authors 
Preliminary Notes 
Space will be reserved in each issue of THE JOURNAL OF NUCLEAR MEDI- 


CINE for the publication of one preliminary note concerning new original work that is 
an important contribution in Nuclear Medicine. 


Selection of the preliminary note shall be on a competitive basis for each issue. 
One will be selected after careful screening and review by the Editors. Those not 
selected will be returned immediately to the authors without criticism. Authors may 
resubmit a rejected or revised preliminary note for consideration for publication in a 
later issue. The subject material of all rejected manuscripts will be considered 
confidential. 


The text of the manuscript should not exceed 1200 words. Either two illustrations, 
two tables, or one illustration and one table will be permitted. An additional 400 words 
of text may be substituted if no tables or illustrations are required. Only the minimum 
number of references should be cited. 


Manuscripts should be mailed to the Editor, Dr. George E. Thoma, St. Louis 
University Medical Center, 1402 South Grand Blvd., St. Louis, Missouri 63104. They 
must be received before the first day of the month preceding the publication month of 
the next issue, e.g., preliminary notes to be considered for the May, 1964 issue must be 
in the hands of the Editor before April 1, 1964. 











JOURNAL OF NUCLEAR MEDICINE 5:251-258, 1964 


In Vitro Transport of Radiolabeled Vitamins 
By the Small Intestine” 


Richard P. Spencer,*® M.D., Ph.D. and Ted M. Bow* 


New Haven, Connecticut and Buffalo, New York 


In vitro studies have enhanced our understanding of the intestinal absorp- 
tion of amino acids, carbohydrates and lipids (1). Such investigations have not 
previously been extended, to any degree, to the vitamins. One of the principal 
reasons is that for such experiments to have biological validity, they must be per- 
formed at vitamin concentrations which approach in vivo levels. For example, 
previous studies on riboflavin absorption by the small intestine had been car- 
ried out at a concentration of 4 x 10-* M, a figure set by the demands of the 
spectrophotometric procedure employed (2). In the present study, riboflavin 
was followed at a concentration of 7 x 10-° M by use of the radiolabeled vita- 
min; this represents a 57 fold lowering of the concentration, and approaches 
the actual level of the vitamin found in the gut wall. Radiolabeled vitamins can 
be detected and quantitated in low concentrations, and their metabolic products 
can be followed through blood and tissues. The present report covers a survey 
of the in vitro absorption of 16 radiolabeled vitamins by the hamster small 
intestine. 


METHODS 


Vitamin concentrations within the small intestine were calculated from 
literature data (3, 4) in order to determine the range of concentrations to be 
utilized (Table I). Everted sacs of small intestine, three from each adult golden 
hamster, were filled with 1 ml of fluid, and incubated (in 25 ml Erlenmeyer 
flasks) in 5 ml of the same fluid (5). That is, the vitamins were dissolved in 
pH 7.4 Krebs-Henseleit buffer (without calcium or magnesium) which was 
then used for both mucosal (outer) and serosal (inner) fluids. Upon gassing with 
95% O, + 5% CO.,, the flasks were incubated for one hour at 37°C in an oscillating 


‘Supported by Grant AM 07960 from the U.S. Public Health Service. 

*An abstract of part of this work appeared in J. Nuclear Med. 4:201-202, 1963. 

*Section of Nuclear Medicine (Department of Radiology), Yale Medical School, New 
Haven, Connecticut. 

‘The Radioisotope Service, Veterans Administration Hospital, Buffalo, New York. 
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water bath. After incubation, gut sacs were removed and drained of the serosal 
fluid. The sacs were weighed to the nearest milligram. In all subsequent calcula- 
tions the sacs were assumed to be 80 per cent water (repeated studies have 
shown that the hamster small intestine is 80+ 3% water) (6). Following centrifu- 
gation to remove sloughed tissue, the mucosal and serosal solutions, as well 
as standards, were counted for radioactivity. Beta emitting radioisotopes were 
assayed by use of a liquid scintillation counter, while Co® was quantitiated 
through use of a well type gamma counter. The vitamins employed, position of 
the radiolabel, and sources of the compounds are listed in the Appendix. We are 
grateful to the research laboratories that made these radiolabeled vitamins avail- 
able. Radiopurity of the vitamins, as determined chromatographically, was over 
90 per cent in each case. The radiolabeled biotin and thiamine were eluted from 
paper chromatograms and were over 98 per cent radiopure. The fat soluble 
vitamins (A, D, tocopherol) were used in concentrations on the order of 10-®M. 


TABLE I 


APPROXIMATE CONCENTRATION OF VARIOUS VITAMINS IN THE SMALL INTESTINE. 
VALUES WERE CALCULATED FROM DATA IN REFERENCES (3) AND (4). 


Concentration in 10-6 
Vitamin Species Moles/Liter Tissue Water 
Ascorbic acid Rat 3,400 
Cow 1,560 
Guinea Pig 920 
Biotin Rat 
Human 
Folic acid Guinea Pig 
Rat 
myo-Inositol Rat 
Dog 
Human 
Nicotinic acid Rat 
Human 
Pantothenic acid Human 
Pyridoxine Rat 
Human 
Riboflavin Rat 
Cow 
Human 
Thiamine Rat 
Human 
Vitamin A Rat under 1 
Vitamin By Dog 0.004 
Human 0.02 
Vitamin D Dog 0.3 
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At this concentration, in the presence of traces of propylene glycol, benzene, 
and ethanol, respectively, they are water soluble (and all were doubly filtered 
prior to use). 

Experiments were then performed with the vitamin in the mucosal fluid, and 
buffer alone as the serosal fluid. Similarly, the experiments were done with the 
vitamin in the serosal fluid and buffer as the mucosal fluid. These experiments 
approximated the unidirectional vitamin fluxes. In the previous experiments 
plus these, at least 2 hamsters (6 intestinal sacs) were utilized for each determi- 
nation. Subsequent values listed are the mean of each experiment. 


RESULTS 


When initially present on both sides of the in vitro hamster small intestine 
at the same concentration, biotin was the only vitamin to move against a con- 
centration gradient (7). Down to, and including, the lowest concentrations 
employed, none of the other vitamins could be shown to accumulate in the 
serosal fluid (that is, they were not transported against a concentration gradient, 
Table II). Results are further expressed in Table III, where the final ratio of 
serosal concentration/mucosal concentration is given. From the radioactivity 
disappearing from the mucosal and serosal solutions, and the weight of the gut 
wall (assuming the gut to be 80% water), the concentration of radioactivity per 
unit of tissue water can be calculated. This was done in each case, and the 
result expressed in the second column of Table III as the ratio of tissue concen- 


TABLE II 


Speciric Activity AND Lowest CONCENTRATION OF THE VITAMINS STUDIED. 
ONLY BioTIN WAs TRANSPORTED AGAINST A CONCENTRATION GRADIENT. 


Specific Activity 
Vitamin pcuries/umole 


Lowest Concentration 
Used (in 10-°° M) 


io) 


p-Aminobenzoic acid-C™ 3.39 
Ascorbic acid-C™ 2,23 
Biotin-C"; H? 3.56; 90 
Foli acid-H? 

myo-Inositol-H* 14. 


N-methylnicotinamide. Cl-C™ 
Nicotinamide-C™ 
Nicotinic acid-C™ 
Pyridoxine-H*. HCl 
Riboflavin-C™ 
Thiamine-S*; H# 
Thioctic acid-H’; S* 
d, 1-a-Tocopherol-H* 
Vitamin A-H? acetate 
Vitamin By.-Co® 
Vitamin D;-H? 


e 
5. 
10. 
166. 
1.0 
$.45; 33.2 
18.6; 11.0 
49. 
34.5 
1054. 
57.7 
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tration of radioactivity/original standard concentration of radioactivity. For 
several vitamins, there was concentration of radioactivity within the intestinal 
wall (although we are as yet uncertain as to the chemical form of the species 
accumulating intramurally). For two vitamins, nicotinic acid and vitamin A 
acetate, the tissue accumulation was considerable. The tissue concentration of 
the vitamin is being maintained against the final mucosal concentration. Hence, 
the ratio of the tissue concentration of radioactivity/final mucosal concentra- 
tion of radioactivity is shown in the third column of Table III. 

Experiments in which the vitamin was placed on one side of the gut wall, 
and buffer on the other, are documented in Tables IV and V. These conditions 
allowed an approximation of the unidirectional fluxes of the vitamins across the 
gut wall (an approximation only, since the volumes on the 2 sides of the sacs 
were not identical; the mucosal volume was 5.0 ml while the serosal volume 
was 1.0 ml in all cases). The mucosal to serosal flux is tabulated in Table IV. 


TABLE III 


DATA INDICATING THE DISTRIBUTION OF THE VITAMINS AFTER 1 Hour OF 

INCUBATION. FROM THE RADIOACTIVITY LosT FROM THE BATHING SOLUTIONS, 

AND THE WEIGHT OF THE GUT SACS, THE CONCENTRATION OF RADIOACTIVITY 

PER Unit oF GuT WATER Was CALCULATED. IN THE SECOND COLUMN THIS 

VALUE IS COMPARED WITH THE ACTIVITY OF THE ORIGINAL STANDARD. IN THE 

Last Co_umNn It Is CoMPARED WITH THE RADIOACTIVITY IN THE MUCOSAL 
SOLUTION AT THE END OF 1 HOUR. 


Final Ratio: Tissue Conc./ 
Vilamin Serosa Conc./ Tissue Conc./ Final Mucosa 

Mucosa Conc. Std. Conc. Conc. 
p-Aminobenzoic acid-C™ .87 1.8 
Ascorbic acid-C™ .95 
Biotin-C™ .20 
Foli acid-Hé .94 
myo-I nositol-H* .00 
N-methylnicotinamide-C".Cl 85 
Nicotinamide-C™ .00 
Nicotinic acid-C™ .99 
Pyridoxine-H*.HCl .68 
Riboflavin-C™ .78 
Thiamine-H?’ .97 
Thioctic acid-Hé 
d, 1-a-Tocopherol-H* .83 
Vitamin A-H? acetate .00 
Vitamin By2-Co® .92 
Vitamin D;-H?® .09* 
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*The mucosal solution in this case lost more radioactivity to the gut wall than the serosal 
solution. Hence, the ratio was greater than 1.0, but did not represent transport against a concen- 
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The first column give the ratio of the final serosal concentration/final mucosal 
concentration. In each case there was vitamin passage not only into the gut 
wall, but all the way across it into the serosal fluid. The second column lists the 
fraction of original material on the mucosal side that ended in the serosal fluid. 
The third column in Table IV lists the fraction of the original amount on the 
mucosal side that was still in the mucosal fluid. The sum of the figures in the 
second and third column, for each vitamin, equal 1.0 if there was full re- 
covery, and less than 1.0 if some was present in the gut wall under these condi- 
tions (these conditions of vitamin on only one side of the sacs originally, of 
course, differ from the experiments which had the vitamin at the same concentra- 
tion on both sides initially). Table V presents similar data for the serosa to 
mucosa flux. Again, each of the vitamins passed all the way across the gut wall, 
although d, 1-«-tocopherol and vitamin D, passed minimally. There was also a 
marked difference in the passage of nicotinamide and nicotinic acid. 


DISCUSSION 


One could reason, teleologically, that because vitamins occur in low con- 
centrations in foods, and are necessary for body functions, efficient mechanisms 
might have evolved for their absorption from the small intestine. Of all the 
vitamins tested, only biotin moved against a concentration gradient under the 
experimental conditions. The mode of absorption of the other vitamins is sug- 


TABLE IV 


DATA ON THE FLUX OF VITAMINS FROM THE MUCOSAL FuID INTO THE SEROSAL 
FLuip, AFTER 1 Hour oF INCUBATION. STANDARD DEVIATIONS WERE ABOUT 
15 PER CENT OF THE REPORTED VALUES. 


Mucosa to Serosa Flux 
Final Serosa Conc./ Fraction in Fraction in 
Vitamin Final Mucosa Conc. Serosal Fluid Mucosal Fuid 
p-Aminobenzoic acid-C™ 0.46 .08 89 
Ascorbic acid-C 0.49 09 .88 
Biotin-C™ 0.72 12 84 
Folic acid-H* 33 06 88 
myo-I nositol-H# .50 08 48 
N-methylnicotinamide-C".Cl 34 06 .90 
Nicotinamide-C" .65 sii .84 
Nicotinic acid-C™ 41 05 62 
Pyridoxine-H?.HCl 35 07 .92 
Riboflavin-C™ .20 03 .87 
Thiamine-H? .39 .06 . 83 
Thioctic acid-H® .61 .10 .85 
d, 1-a-Tocopherol-H* .10 .02 97 
Vitamin A-H? acetate 53 .08 74 
Vitamin By2-Co® 17 .03 84 
Vitamin D-H? me saa 
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gested by the observation that they entered the gut wall by diffusion. In vivo 
this might be sufficient to allow translocation to the blood stream or lymphatics, 
and transfer throughout the body; this could be particularly true of vitamins 
which were bound to blood components, and hence had their free (uncom- 
bined ) concentration reduced. 

In vitro, 2 of the vitamins (nicotinic acid and vitamin A acetate) accumu- 
lated in especially high concentrations within the intestinal wall. This does not 
mean that they were in their original chemical form. Indeed, we have chromato- 
graphic evidence that nicotinic acid is converted to a different chemical species 
within the gut wall. Studies of the individual vitamins and their metabolic fates 
in the small intestine will be reported in subsequent communications. 

Vitamins are known to occur within the lumen of the small intestine. They 
likely enter via the food, and are contained in bile, gastric juice and pancreatic 
fluid. The observations recorded here as to the serosal to mucosal passage of 
vitamins across the small gut suggest that intestinal secretion or “leakage” of vita- 
mins (from the milieu interieur of the lumen) might be another means of entry. 
Studies on the outward fluxes would be of special interest in cases of intestinal 
malabsorption, since there is likely a component of malsecretion or increased 
gut permeability in these disorders. 


TABLE V 


DATA ON THE FLUX OF VITAMINS FROM THE SEROSAL FLUID INTO THE MUCOSAL 
FLuip, AFTER 1 Hour oF INCUBATION. STANDARD DEVIATIONS WERE ABOUT 
15 PER CENT OF THE REPORTED VALUES. 


Serosa to Mucosa Flux 


Final Mucosa Conc./ Fraction in Fraction in 
Vitamin Final Serosa Conc. Serosal Fluid Mucosal Fluid 
p-Aminobenzoic acid-C"™ 0.18 0.50 0.46 
Ascorbic acid-C™ 0.15 0.52 0.40 
Biotin-C™ 0.10 0.68 0.32 
Folic acid-H’ 0.26 0.64 0.36 
myo-Inositol-H* 0.13 0.57 0.38 
N-methylnicotinamide-C".Cl 0.13 0.55 0.35 
Nicotinamide-C™ 0.26 0.38 0.50 
Nicotinic acid-C™“ 0.07 0.50 0.17 
Pyridoxine-H*.HCl 0.09 0.49 0.21 
Riboflavin-C™ 0.10 0.55 0.25 
Thiamine-H? 0.19 0.56 0.44 
Thioctic acid-H’ 0.20 0.49 0.50 
d, 1-a-Tocopherol-H? 0.05 0.77 0.21 
Vitamin A-H? acetate 0.07 0.45 0.16 
Vitamin By.-Co* 0.05 0.73 0.02 
Vitamin D.-H?* 0.03 0.63 0.10 
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We are of the opinion that studies on the absorption of C'* or H®* labeled 
vitamins in selected patients are feasible. There are, at least, two possible ap- 
proaches. The first is to administer the vitamin orally and follow its appearance 
in the blood stream, as well as excretion in urine and feces. The second is to 
utilize segments of intestinal tissue obtained by means of per oral biopsy de- 
vices. We have noted that such tissue fragments accumulate amino acids and glu- 
cose when incubated in vitro (8). Such a procedure is being tried with selected 
vitamins. For the in vivo studies, we must pause a moment to consider the radia- 
tion dose being delivered to the patient. In terms of whole body radiation, let 
us look at the most unfavorable situation, that is one in which the vitamin dis- 
tributes itself into all of the body water. A 70 kg man has 56 kg body water. 
Administration of 500 microcuries of a tritiated vitamin would produce 0.009 
microcuries/ml body water. Sampling 0.1 ml of blood, with a counting efficienty 
of 10 per cent would produce 222 counts/minute. The beta radiation dose de- 
livered, assuming the 0.009 microcurie/ml value, with a beta energy of 0.01 
MEV and an effective half-life of one week (perhaps a reasonable value for 
the majority of vitamins), would be under 0.5 rads. For many of the vitamins 
the situation may be more favorable, and the radiation dose delivered would 
be less. For example, Johns and co-workers (9) found that intravenously injected 
folic acid-H*® disappeared from the blood stream of man rapidly (only 0.1% per 
liter remained at 30 minutes) and that 1 to 70 per cent of the radioactivity 
appeared in the urine within 12 hours. 


CONCLUSIONS 


1. Of the radioactively labeled vitamins tested only biotin was transported 
by the in vitro hamster small intestine against a concentration gradient. 

2. All of the vitamins entered the gut wall. Some (particularly nicotinic 
acid and vitamin A) achieved high concentrations within the wall, but may have 
been in altered chemical form. 

3. All of the vitamins passed from the mucosal to serosal side when placed 
on the mucosal side alone (and from serosal fluid to mucosal fluid under the 
reverse conditions). The gut wall was relatively impermeable to vitamin D, 
and to d, 1--tocopherol. 

4, The results suggest that vitamin entry into the body may be the result 
of diffusion (perhaps followed by tissue binding or chemical modification). 

5. Because of the known rapid turnover of most vitamins, H® or C'4 
labeled vitamins can likely be used to follow vitamin absorption and metabolism 
in man without excessive radiation of the host. 
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APPENDIX. 


RADIOACTIVELY LABELED VITAMINS EMPLOYED IN THE PRESENT INVESTIGATION. 


Vitamin 


p-Aminobenzoic acid 
Ascorbic acid 
Biotin 


Folic acid 

myo-I nositol 
N-methylnicotinamide.Cl 
Nicotinamide 

Nicotinic acid 
Pyridoxine.HCl 
Riboflavin 


Thiamine 


Thioctic acid 


d, 1-a-Tocopherol 
Vitamin A acetate 


Vitamin By». 
Vitamin D; 


Position of Radiolabel 
7-CM 
1-C™ 
Carbonyl-C™ 


Carboxyl-C™ 


Tritiated 

Tritiated 

2-H* 

methyl-C™ 

7-C¥4 

7-C\'4 

Triatiated 
Isoalloxazine-2-C™ 


S35 
Tritiated 
Tritiated 
S35 


Tritiated 
15, 16-H# 


Co 
Tritiated 


Source 


New England Nuclear Co. 

New England Nuclear Co. 

New England Nuclear Co.; 
Amersham 

Hoffman-LaRoche (Prof. O. 
Wiss) 

Isotope Specialty Co. 

Amersham 

New England Nuclear Co. 

New England Nuclear Co. 

New England Nuclear Co. 

New England Nuclear Co. 

Amersham 

Canadian Dept. National 
Health (Dr. E. J. Middleton) 

Hoffman-LaRoche (Dr. W. E. 
Scott) 

Vanderbilt Univ. (Dr. R. A. 
Neal) 

Wilzbach labeling and purifica- 
tion 

Oklahoma State Univ. (Dr. 
F. R. Leach) 

Amersham 

Hoffman-LaRoche (Prof. O. 
Wiss) 

Abbott Laboratories 

Univ. Calif. (Dr. K. G. Scott) 
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Suspensions of Radioalbumin Aggregates for 
Photoscanning the Liver, Spleen, Lung and Other Organs’*” 


G. V. Taplin, D. E. Johnson, E. K. Dore and H. S. Kaplan 
Los Angeles and Torrance, California 


INTRODUCTION 


Collodal aggregates of human serum albumin I'*! have important advan- 
tages over colloidal gold'®* and rose bengal I'*! for scanning the liver (1-4). 
The rapid degradation of radioalbumin particles in the liver’s Kupffer cells and 
the nearly complete urinary excretion of the I'*! label within 72 hours gives at 
least 100 times less hepatic radiation exposure than equal doses of gold-198 and 
about three times less than rose bengal I'*! (1-4). For spleen scanning, the same 
radioalbumin aggregates are superior to heated homologous Cr*! labeled red 
blood cells. The preparation of this test material is relatively simple, and much 
less time consuming than the red cell Cr*! labeling and heating procedures (3). 
In fact, quantities sufficient to scan 30 to 100 patients may be prepared in less 
than one hour in any clinical laboratory (1). In addition the liver and stomach 
may be visualized simultaneously or separately, depending only on timing. 

This paper presents a further simplification in the preparation of small 
(10-20 mp) and large (1-5 ») radioalbumin suspensions, discusses the physio- 
logical aspects of using such suspensions for multiple organ scanning, gives 
experimental data on lung scanning and illustrates the diagnostic value of liver, 
spleen and stomach photoscans from phantom studies and from clinical practice. 


With technical assistance of M. L. Griswold, R. P. DiVeroly and M. Yamaguchi. 

*These studies were supported by Contract AT(04-1)-GEN-12 between the U.S. Atomic 
Energy Commission and the University of California at Los Angeles, and by a grant-in-aid 
from E. R. Squibb and Sons, Radiopharmaceutical Division. 

*From the Laboratory of Nuclear Medicine and Radiation Biology of the Department of 
Biophysics—Nuclear Medicine, and the Department of Radiology, School of Medicine, Uni- 
versity of California at Los Angeles; and from the Nuclear Medicine Division of the Depart- 
ment of Radiology, the Los Angeles County Harbor General Hospital, Torrance, California. 
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MATERIALS 


Solutions of sterile, pyrogen free, human serum albumin I'*! (Albumatope )!, 
normal human serum albumin (Albumisol)?, 0.2 normal hydrochloric acid, 0.2 
normal sodium hydroxide and normal physiological saline are employed. The 
latter, preserved with 0.9 per cent decyl alcohol is obtained from the pharmacy 
at UCLA in multiple injection type rubber stoppered bottles. 


EQUIPMENT 


The main items of equipment are: 

1. A precision water bath with a suitable attachment for continuous gentle 
agitation of 30-100 ml samples in multiple injection type bottles at a 
constant temperature of 79° C (Fig. 1). 

. A well type scintillation counter facility for measuring radioactivity levels 
in albumin I'*! samples. 

. An electron microscope with magnificant to ~70,000. 

. An electrophoresis apparatus. 

. Photoscanning equipment with 19 and 31 hole focusing collimators. 

. One scintillation detector-ratemeter-recorder system. 


Current Methods of Preparing Radioalbumin Suspensions: 


The present procedures originate from Benacerraf (2) and from an abbrevi- 
ated method reported from this laboratory in 1961 (3). 


(a) Small Size Colloidal Suspensions (10-20 mu) 

1. A 1 per cent radioalbumin solution is prepared by dilution of 5 per cent 
Albumatope with physiological saline in a sterile multiple injection type 
rubber stoppered bottle. 

. The pH is adjusted to 10 + 0.5 by adding 0.8 ml sterile 0.2 normal NAOH 
per 10 ml of solution. 

. The solution is heated in a water bath at 79°C for 20 minutes while 
being agitated continuously. It is then cooled below room temperature 
by immersion in cold water. 

4, The pH is reduced to 7.5 + 0.5 by adding 0.2 normal Hcl (0.8 ml1/10 ml 
of solution ). 

5. Test for sterility and store at 5° C. 

(b) Large Size Suspensions (1-5 ,): 

Steps 1, 2 and 3 are the same as for the small size suspensions. 

4. The pH is reduced from 10.0 to 6.0 by adding 0.2 normal Hel (1.2 ml/10 
ml of solution). It is further reduced to 5.0 + 0.3 by adding another 0.1 
ml/10 ml slowly, drop by drop while shaking as the pH approaches the 


*The radioiodinated human serum albumin (Albumatope) is obtained from E. R. Squibb 
and Sons, Radiopharmaceutical Division. 

"The 25 per cent human albumin solution (Albumisol) containing 0.02 molar sodium 
caprylate and 0.02 molar sodium acetyl tryptophanate are obtained from Merck-Sharpe and 
Dohme and Co, 
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isoelectric point of albumin during which the clear opalescent colloid is 
converted to micron size particles and takes on a milky appearance. 

. Centrifuge for 10 minutes at 1500 rpm—remove supernatant (colloidal 
particles < 1.0y) and re-suspend sediment in normal saline by vigorous 
shaking. 

6. Test for sterility and store at 5° C. 


Precautions: 


1. Sterile equipment, supplies, techniques, and pyrogen free solutions are 
employed throughout. 

Slow reduction of pH in the large size preparation (step 4) is necessary 
to prevent the formation of very large aggregates (10-100 ») which form 
when strong acid is added rapidly to an albumin solution as it approaches 
the isoelectric point (~ pH 5.0)". 


2. 


Particle Size Measurement by Electron Microscopy: 


Samples of small albumin aggregates and colloidal gold-198 are diluted 
100,000 times in pure distilled water and then examined by electronmicroscopy, 
employing shadow casting techniques (5). Figure 2, a composite permits size 
comparison of colloidal albumin I'*! and gold-198 aggregates. Single aggregates 
of albumin measure 10-20 mp and clumps of the individual particles rarely 
exceed 200 mp. The gold suspension is composed of two main size particles. 
The larger measure 10-20 my and the smaller are probably in the range of 1-3 
mp or less (sizes below the maximum resolving power of the scope). 


Stability of the I’3! Label During Storage of the Suspension at 5° C: 


Repeated tests for free I'*! in the heated suspensions show that I'*! remains 


firmly bound to the protein aggregates and less than 3.0 per cent is released after 
six weeks (Table I). 


PHYSIOLOGICAL FACTORS 


Particle Size and Organ Distribution: 


Dobson and Jones in their studies to determine the optimal particle size of 
colloidal agents for measuring liver blood flow (6) discovered that particle size 
was also a determining factor in organ distribution. Suspensions having a mean 
size of approximately 1 » were optimal because at least 90 per cent of the injected 
dose is deposited in the liver and spleen and only a few per cent in other organs. 
They found that colloidal suspensions of extremely small particles gave relatively 
high bone marrow deposition whereas suspensions of particles larger than 1 p» 
gave appreciable lung deposition. Several studies of particle size in relation to 
the measurement of liver blood flow by the single injection colloid blood disap- 


*Step 4 was added after the Montreal exhibit to eliminate particles > 10 uw and to reduce 
the probability of capillary embolization. 
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TABLE | 


DIALYZABLE I! In HEATED vs. UNHEATED RADIOALBUMIN SAMPLES 
DwuRING STORAGE AT 5° C 
Storage Time Percent Dialyzable I'*! 
When Tested Batch Number Unheated Samples* Heated Samples** 
1 day 147 1.85 2.20 
2 weeks 146 1.50 1.60 
4 weeks 145 1.49 2.10 
6 weeks 144 9.40 2.97 
10 weeks . 142 —— 2.96 


*Normal human serum albumin I'*', obtained from E. R. Squibb and Sons. 
**Heated samples of same batches (20 minutes, 79° C) at pH 10.0. 


pearance technique have indicated that liver extraction efficiency and the rate 
of blood disappearance are both related to particle size distribution even in the 
submicron range of 25-1000 mp (4, 7, 8, 9). The optimal size is ~ 1000 mp 
according to Dobson (6), however, other workers have obtained similar results 
with much smaller size suspensions (10, 11, 12, 13-16). From a clinical view- 
point which stresses the need for reproducible results in serial tests of the same 
patient, optimal size is not as important as uniformity of size within successive 
samples of the same test material (4). By contrast, for liver and spleen scanning, 


Fig. 1 Motor driven sample shaker and precision water bath 
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variations in particle size of the colloid within the submicron range, cause no 
apparent differences in liver-spleen visualization. 

Recent studies in this laboratory were conducted to determine the optimal 
particle size for scanning the lungs. Radioalbumin suspensions ranging from sub- 
micron to 50u size were investigated. The results of these studies are to be 
reported separately in greater detail. However, it may be stated that colloidal 
suspensions of human serum radioalbumin composed of submicron sized particles 
are deposited almost entirely in the liver and spleen regardless of size within 
the range of 10-1000 my. However, as the mean size is increased above ly the 
fraction temporarily retained in the lungs becomes progressively greater. Nearly 
all is so retained following I.V. injection of large size suspensions (mean > 10 ,) 
and about half when the mean size is 2.5 ». Finally, the pulmonary deposition 
and temporary retention of intravenously injected large size radioalbumin sus- 
pensions is caused mainly by mechanical factors and not by phagocytosis. 


Liver Turnover of I'*! Albumin Aggregates: 


Following I.V. injection of tracer doses (< 0.2 mg/kg) of small radio- 
albumin aggregates, the particles disappear from the blood and accumulate in 
the liver’s Kupffer cells at rapid rates. The half time blood disappearance and 
liver uptake rates are approximately 3 minutes. Peak activity is reached in the 
liver at about 15 minutes. It then diminished at a much slower rate, while total 


Figure 2 
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activity in the blood begins to rise as “free I'*!” is released from the liver’s 
Kupffer cells.1 When the levels of radioactivity are monitored over the liver, the 
thyroid, and the side of the head following tracer doses of radioalbumin par- 
ticles (with the thyroid previously blocked) the liver radioactivity reaches a 
peak in 15 minutes and descends to approxiamtely half this value by 40-60 
minutes. Concurrently the blood and thyroid curves fall in parallel with each 
other, reach minimum values at about 15 minutes and rise to about half of their 
initial values in 40-60 minutes. Subsequently all three curves descend much more 
slowly in parallel fashion as determined by the rate of I'*! urine excretion 
(T, = ~ 10hrs). 

The half time of I'*! discharge from the liver (corrected for “free I'*!” 
re-entry into the blood) is approximately 20 minutes in normal subjects (4). 
The mechanism of I'*! liver release is probably by proteolytic enzymatic diges- 
tion of the albumin particles in the Kupffer cells (12). Evidence for this hypothe- 
sis includes the detection of albumin degradation products such as I'*! labeled 
tyrosine plus large and small I'*! labeled peptides both in the plasma and the 
urine during the first few hours following injection (12) and of I'*! in the bile. 
When the thyroid gland is blocked by prior ingestion of excess iodide nearly all 
of the injected I'*! may be recovered in the urine within 72 hours, 50-75 per 
cent during the first 24 hours and little accumulates in the thyroid gland (~ 2%) 
(4). 


Photoscanning Extrathyroidal Sites of Iodine Metabolism: 


The salivary glands and stomach are known to concentrate ionic iodide to 
levels 20-40 times greater than those in the plasma almost immediately follow- 
ing I.V. injection (17). The highest gastric concentrations of I'*! are found (by 
radioautography ) in the epithelial cells lining the surface of the gastric mucosa 


*The term “free I'*”” is used to indicate radioiodide no longer bound to albumin. 


ALDERSON HUMAN puro STUDY 
(5.0 and 2.5 cm Tumors) 


































































































Figure 3 





SUSPE™* 4s OF RADIOALBUMIN AGGREGATES 265 


and in the crypts of the gastric glands and not in the chief or parietal cells (17). 
The cells of the salivary glands have the same capacity for concentrating iodide. 
The mechanism of the I'*! concentrating capacity in the cells of the stomach 
and salivary glands is different from that in the thyroid because excess iodide 
ingestion largely prevents further thyroid uptake but does not interfere with 
this function in either the stomach or the salivary glands (17). In respect to 
gastric and salivary gland photoscans, the physical basis on which these organs 
may be visualized is the high I'*! organ to plasma ratios attained. The high 
I'5! level also present in the gastric juice may be a contributing factor. However, 
in our experience, the stomach is visualized equally as well during continuous 
gastric suction. Therefore, the controlling factor is the I'*' concentrating power 
of the epithelial cells lining the stomach mucosa. 


PHOTOSCANNING TECHNIQUES 


The heart, liver and spleen, stomach and salivary glands may all be photo- 
scanned in this sequence after I.V. injection of 200-300 pe doses of colloidal 


Normal Liver Photo- scans 


F.R. $ age 48 8.1. ¥ age 23 
normal liver normel liver 


C.E.4+ age 45 | : e : 
dain liver G.8. 7 age 3: 
_ formal liver 


d 


Figure 4 
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radioalbumin aggregates. During the first 10-20 minutes, tracer remains largely 
within the vascular system and the heart is readily visualized. After 20 minutes, 
high levels are attained in the liver and spleen. However, because of the rapid 
liver release of I'*!, a loading dose (4 mg/kg) of unlabeled albumin aggregates 
is required to slow the I'*! turnover in the liver. With such a loading dose given 
immediately prior to tracer injection, liver radioactivity levels usually remain 
sufficiently constant from 15-75 minutes post injection to permit accurate scan- 
ning. If these organs are re-scanned 3-5 hours later the entire stomach becomes 
visible because sufficient I'*! re-enters the circulation and concentrates in the 
stomach. A continuing I'*! cycling process takes place with maintenance of 
relatively high gastric I'*! levels for at least 10 hours or until the I'*' tracer is 
largely excreted in the urine. The stomach ['*" levels remain high because of the 
concentrating capacity of the gastric epithelial cells and the inability of the 
stomach to absorb iodide. The cycling process is maintained by rapid I'*! absorp- 
tion from the duodenum. 

In our experience the stomach is better visualized 3-5 hours after albumin 
I'3! aggregates than after equal doses of inorganic iodide. A possible explanation 
is that albumin I'*! is known to be concentrated in the stomach and slowly 
excreted into the gastric juice (18). The I'*! label is then released rapidly by 
digestive action. Thus, with the colloidal radioalbumin test agent, I'*! concen- 
trates in gastric mucosa both in the free and protein bound forms. However, the 
free form is dominant. Only about 4 per cent of normal albumin is catabolized 
per day in the stomach (18). 


PSEUDOCYST OF PANCREAS 


Figure 5 
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RESULTS 


?hotoscans of Human Phantoms: 


The advantage of photo vs dot scanning of large organs is demonstrated with 
tudies using the Alderson human abdominal phantom. The liver and spleen 
ire filled with I'*! solutions containing 150 yc in the liver and 7.5 pe in the 
pleen. Sixteen pc are added to the body of the phantom to simulate the back- 
‘round activity of surrounding organs and tissues. Radionegative tumors are 
auch more difficult to localize than radiopositive ones unless they exceed 2.5 cm 
n diameter and are located close to the liver surface. Liver photo and dot 
cans presented in Figure 3 demonstrate that radionegative tumors located di- 
rectly beneath the surface, measuring 5.0 and 2.5 cms diameter are readily 
visualized by photoscanning, but may be difficult to identify by dot scanning. 
The photoscan was made with high contrast to accent differences between maxi- 
mum and minimum liver radioactivity levels, the dot scan was made to show 
the liver outline accurately plus surrounding tissue background. Simultaneous 
use of photo and dot scanning techniques in this manner, provides optimal data 
for diagnostic interpretation 


ABNORMAL LIVER PHOTOSCANS 


~~ * 


Figure 6 
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SERIAL ABDOMINAL SCANS 
With Albumin 1131 Aggregates 


Figure 7 


Photoscanning Results in Man: 


The normal position, shape and size of the liver, all of which vary consid- 
erably from person to person are illustrated in Figure 4. The heart outline also 
may be demonstrated during the first 20 minutes post injection because sufficient 
tracer remains in the vascular system during this period. 


250 uc Albumin 1131 aggregates 
i 4 Hours After Injection 


Figure 8 
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Identification of Upper Abdominal Masses: 


The photoscan in Figure 5 is from a patient with acute severe upper intes- 
tinal bleeding. It was performed just after he was relieved of shock. A palpable 
epigastric mass was believed to be spleen by most examiners. However, no radio- 
activity accumulated in the region of the palpable tumor. Both the spleen! and , 
liver are shown to be displaced laterally. At operation a pseudocyst of the pan- 





Fig. 9. Photoscan of salivary glands and thyroid 3 hours after 250 uc Nal’, I.V. (Thyroid 
blocked previously with excess iodide ) 
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creas was found to have eroded the stomach and caused the gastric bleeding. 
This is an example of how a photoscan provides useful diagnostic information 
in a clinical condition wherein routine radiographic examination is hazardous. 


Demonstration of Metastatic Liver Lesions: 


The composite of three photoscans shown in Figure 6 demonstrates the 
capacity of photoscans to identify areas of abnormal tissue in the liver. The first 
is from a patient with proved liver abscesses. The other two are from individuals 
with metastatic liver malignancy. The scan is useful to indicate the site where 
liver biopsy should be taken for histological examination and exact diagnosis. 


Serial Photoscans in Hodgkin’s Disease: 


The three photoscans in Figure 7 are from the same patient, a 14 year old 
boy with Hodgkin’s disease. The initial scan performed 15-75 minutes following 
injection of albumin I'*! aggregates, shows an enlarged liver and spleen. In the 
second scan, four hours later, the stomach appears superimposed upon the liver 
and spleen. The third scan after 7 hours demonstrates more radioactivity in the 
stomach and less in liver and spleen. These serial scans display the transposition 
of “free I'!” from the liver and spleen to the stomach, and demonstrate the 
proteolytic capacity of the RE cells. 


Stomach and Salivary Glands: 


Stomach scans of nearly equal quality with the same dose (250 pc) of 
inorganic radioiodide and radioalbumin are demonstrated in Figure 8. In addi- 
tion, the salivary glands may be visualized either immediately after sodium 
I'51 injection or three to four hours following the same dose of colloidal radio- 
albumin aggregates. The parotid, the sublinguals and the thyroid glands are 
shown in Figure 9. The thyroid was previously blocked with excess iodide but is 
still visible. The salivary glands can and must be distinguished from thyroid 
metastases by their location, size and shape. 


Experimental Lung Scans in Dogs: 


The lung scans illustrated in Figure 10 demonstrate that the dog lung fields 
are readily visualized immediately following I.V. injection of 95 yc of large radio- 
albumin suspensions (about 15 » mean size). Furthermore since the half time 
in the lungs is approximately one hour the scanning procedure may be repeated 
and in the second scan the liver area becomes visible. 


Potential Hazard from Large Particle Injections: 


Preliminary toxicity experiments were conducted in 24 rabbits and an equal 
number of dogs to determine the doses in mg/kg of large particle albumin sus- 
pensions (mean size ~ 15 ») which produce death or severe immediate reactions 


*The outline of the spleen was drawn from the dot scan made simultaneously. It was 
faintly recorded in the photoscan but lost during reproduction. 
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as opposed to those needed to perform lung scans in man (0.1-0.3 mg/kg. Re- 
peated injections at doses below the toxic level were made to evaluate early 
cumulative effects and subsequent antigenic reactions. Similar studies in dogs 
were made using suspensions of the same material but of smaller size (~ 2.5 »). 
Results indicate a relatively wide margin of safety in both animal species and for 
both particle size preparations. Scan doses are not detectably antigenic, whereas 
repeated large doses induce antibody formation. Single and repeated injections 
of both preparations in the dose range of 0.1-5.0 mg/kg produce no observable 
reactions in either species. Single injections of 5-20 mg/kg are well tolerated but 
repeated doses of 20 mg/kg produce immediate reactions in some animals. The 
LD,, dose probably exceeds 40 mg/kg for a single rapid injection and 20 mg/kg 
for repeated injections given every other day. The immediate reactions from mas- 
sive doses (20-50 mg/kg) include sudden death with respiratory failure, laboured 
breathing, vomiting of mucus and/or blood, mucus and/or bloody diarrhea, and 
various central nervous system symptoms. Gross findings at autopsy after such 
reactions include multiple petechial hemorrhages and small infarcts in the lungs 
and similar but less extensive lesions in the brain and intestines. Most animals 
apparently make a complete recovery from their reactions to large doses within 
24 hours and present no residual manifestations thereafter. 


DOG LUNG PHOTOSCANS 
(15 « Mean Size Albumin I" Aggregates ) 


Fig. 10. 25-55 Minutes 85-115 Minutes 
Post Injection Post Injection 
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Twelve additional dogs have tolerated single and repeated doses of the 
smaller size suspensions (~2.5 ») in the dose range of 15-30 mg/kg with far less 
frequency and severity of reaction. Thus the margin of safety is increased as the 
particle size is reduced. By comparison with other test agents, such as radio- 
paque media used for diagnostic purposes, the 2.5 » size albumin suspensions 
appear to be practically innocuous. The dose which produces only occasional mild 
reactions (15 mg/kg) in dogs is at least 100 times greater than that required 
for lung scans in man (0.15 mg/kg). 


Antigenicity of Human Serum Albumin Aggregates: 


Since the introduction of this material in 1956 for measurements of liver 
blood flow and phagocytic function in man (2, 14), and later for liver-spleen scan- 
ning (1) no serious antigenic reactions have been recorded (1, 4, 9-11, 14-17). 
Our experience during the past three years with the same material (prepared by 
simplified methods of heat treatment and pH adjustment) has included single in- 
jections of tracer doses (< 0.2 mg/kg) in several hundred patients and single 
injections of tracer plus loading doses (4 mg/kg) in an additional 300 patients 
for scanning purposes without antigenic reactions. Furthermore no reactions 
were encountered in 50 patients receiving multiple injections (3-10) of tracer plus 
loading doses (4). None of these 50 patients developed detectable serum anti- 
bodies or positive skin reactions to the test agent (4). Therefore, human serum 
albumin when converted to particulate form by heat treatment and pH adjust- 
ment is not made antigenic to man. This lack of detectable antigenicity and ab- 


sence of observable allergic reactions may be tentatively explained as follows: 
The albumin may be only physically changed into aggregates of normal albumin 
molecules which remain chemically unaltered (4). The amount of denaturation 
either chemical or physical may be insufficient to render the protein antigenic. 
Furthermore, both the normal molecular and heat aggregated forms of human 
serum albumin are equally weak antigens as compared with egg albumin, when 
injected repeatedly into foreign species such as the dog and rabbit. 


DISCUSSION 
Simplified Preparation of Small Size Albumin Suspensions: 


During recent studies with various techniques for preparing large size 
(1-5 ») radioalbumin suspensions by heat treatment and pH adjustment, further 
simplification in the preparation of small size suspensions (10-20 my) was found 
feasible. The first heating period at 70° C is unnecessary. A single 20 minute 
heat treatment at 79° C gives an identical suspension in respect to particle size 
distribution, biological turnover rate and firmness of the I'*! label. Furthermore 
the pH values during the heating process (10.0) and prior to use (7.5) are not 
as critical as previously indicated (3). In fact, 1 per cent human serum albumin 
solutions may be heated at pH values ranging from 9.0-11.0 and then readjusted 
to the 7.0-8.0 pH range. Measurements with a pH meter are unnecessary. Use 
of a pH paper color indicator is adequate. The end product retains the same 
characteristics just described. 
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Significance of Gastric and Salivary Gland Scans: 


The capability of scanning the stomach and salivary glands for several 
hours after intravenous injection of as little as 250 yc of sodium ['*! or colloidal 
albumin I"! strongly suggests that the radiation exposure of these organs should 
be considered, especially following millicurie doses of radioiodide for therapeutic 
purposes. If excess iodide is ingested to block the thyroid, the relative radiation 
exposure to the stomach and salivary glands is increased because their I'*! con- 
centrating capacity is not suppressed. 

Liver and gastric photoscans were made in 12 gastric carcinoma patients in 
the hope of confirming the initial observations of Baptista (19) that some gastric 
neoplasms concentrate radioiodine far more than normal stomach mucosa. Should 
such tumors metastasize to the liver, the highly radioactive lesions would be more 
easily detectable by photoscanning than the usual radionegative metastatic liver 
tumors. No such cases were encountered. All twelve patients showed little or no 
radioactivity in the primary tumor site in comparison with the highly radioactive 
normal surounding gastric mucosa. 

The liver turnover and gastric cycling of I'*! following intravenous injection 
of colloidal albumin I'*! (as demonstrated by serial abdominal scans) has con- 
siderable physiological significance. The rate of release of the I'*! label from the 
albumin particles by the Kupffer cells and its subsequent appearance in the blood 
and stomach are indicators of the proteolytic function of these cells. It may be 
possible to determine disturbances of this function of the Kupffer cells in disease 
by measuring the rates of liver release, appearance in the blood, stomach and 
urine of free I!%1, 


Lung Scans with Large Albumin Aggregates (1-5 ,): 


The intra arterial injection of radioactive ceramic microspheres (50-100 ,») 
is reported recently to have therapeutic value by confining the radiation within 
the tumor site (20, 21). Dobson has indicated that particles larger than 1 » are 
initially deposited in the lungs (6). Studies in this laboratory (unpublished) on 
the blood disappearance rates of submicron size colloids as measured with ex- 
ternal detectors over the head and heart, demonstrate that a small fraction is 
retained in the lungs during the first few minutes. Current work in animals with 
suspensions of large albumin particles (2.5 and 15 ») shows initial pulmonary re- 
tention, subsequent clearance from the lungs and transposition to the liver and 
spleen. The smaller the mean size of the suspension the faster the clearance from 
the lungs and subsequent appearance in the liver-spleen. Likewise, the incidence 
of capillary embolization in the lungs and other organs is greatly diminished as 
the mean size is reduced from 15 » to about 2.5 » and also as the number of large 
particles (> 25 ») is decreased. In fact, individual particles larger than 5 » are 
not required for lung scanning. The ideal preparation should have particles no 
larger than 10 » or smaller than 1.0 » and a mean size of 2.5 ». Even with this 
material, clinical trials must await further animal investigation to ensure a wide 
margin of safety. Preliminary findings in this respect are most promising for the 
early initiation of clinical work with lung cancer patients. 
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SUMMARY 


Current methods of preparing small and large size suspensions of radioal- 
bumin aggregates by heat treatment and pH adjustment are presented. The small 
size colloidal suspensions (10-20 mp) are shown to be superior to other agents for 
liver-spleen scanning. Radiation exposure to these organs is minimized and the 
albumin suspensions can be prepared with relative ease and simplicity. Also the 
heart, stomach and salivary glands may be clearly visualized by photoscanning 
with this material. The techniques and physiological basis for performing and 
interpretating scans of these organs are described. Their diagnostic value is 
illustrated. 

The preparation and physiological basis for using large size suspensions of 
the same material for visualization of the lungs is presented along with scans 
typical of those produced with suspensions of each of two size ranges (2.5 and 
15 »). The smaller size is preferable because of far less probability of capillary 
embolization. Trials in patients with lung cancer will be initiated after additional 
animal studies ensure the complete safety of the test procedure. 
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ADDENDUM. 


Since this paper was submitted for publication, 50 patients with a variety of 
lung diseases have been scanned. The optimal mean size of radioalbumin ag- 
gregates for lung scanning in man is ~ 5.0 » with a range of 1-20 ». The main 
value of lung scans in clinical practice is in the early detection of pulmonary 
emboli as localized areas of impaired pulmonary arterial blood supply. Similar 
findings are observed in the pneumonias, lung abscesses, cysts and tumors wherein 
the arterial component of the pulmonary circulation is affected. No reactions to 
the test material have been encountered. 
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A Staining Technic to Demonstrate Effects of Ionizing 
Radiation in the Thyroid Gland’ 


James C, Stinson, M.D., James C. Moore, M.D. and Arno W. Sommer, M.D. 


Temple, Texas 


When histologic examination of individual cells for the effects of radiation is 
desirable, methods employing photographic emulsions and contact film have 
some disadvantages. With the oil immersion microscopic technic, for example, 
simultaneous microscopic study of details in the cells and of particle tracks in the 
emulsion is almost impossible; therefore, localization of an area of ionizing radi- 
ation in a cell is difficult. With this staining technic, the area in which the ionizing 
energy is or apparently was located can be detected histologically. 


MATERIALS 


Thyroid glands from human beings and from guinea pigs were used in devel- 
oping the staining technic. The human material was from thyroidectomized pa- 
tients. In the patients studied, the dosage of I'*! ranged from 1.23 to 1.45 micro- 
curies, and the radioiodine uptake at 24 hours ranged from 20 to 67 per cent. 
The controls, of course, did not receive the radioactive isotope. The guinea pig 
material consisted of the thyroid gland of a normal animal, selected to serve as a 
control specimen, and the thyroid glands of guinea pigs which had received 50 
microcuries of I'*!, The treated animals were sacrificed approximately 24 hours 
after administration of the radioactive isotope. The percentage of uptake of I'*! 
in 24 hours was not checked in the guinea pigs. 


*From the Department of Surgical Pathology and Pathologic Anatomy (Dr. Stinson) and 
from the Department of Radiology and Radioactive Isotopes (Dr. Moore and Dr. Sommer) of 
the Scott and White Clinic. 
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IONIZING RADIATION IN THYROID GLAND 


METHOD 


The staining technic is simple to perform and special apparatus is not re- 
quired. 

1. A solution of ammoniacal silver nitrate is prepared by dissolving silver 
nitrate crystals (approximately 0.1 to 0.2 Gm.) in 50 ml of distilled water. Con- 
centrated ammonium hydroxide is added a drop at a time while the solution is 
stirred. A brown precipitate will form, but this will disappear as additional am- 
monium hydroxide is added. 


2. Sections of tissue (paraffin sections or frozen sections) are immersed in 
the prepared solution. In this laboratory a 50 ml beaker is used as the container 
and several slides can be stained simultaneously. The specimens are placed in the 
beaker with the tissues on the bottom sides of the slides, and they are separated 
by sections of applicator sticks placed across the rim of the container. This po- 
sitioning of the tissues allows the precipitates which may form to fall free from 
the specimens, and the applicator sticks not only separate the individual slides 
but serve as handles to agitate them in the solution. 

3. The beaker containing the staining solution and sections of tissue is 
placed in a relatively light-free area. (In this laboratory, it is covered with a 
box or placed in an opaque container with a lid.) 


4, About twice daily, the slides should be agitated back and forth to dislodge 


Fig. 1 Section of thyroid gland stained with ammoniacal silver nitrate. The patient had re- 
ceived 1.23 microcuries of I'". ( <650) 
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precipitates and to bring the tissue on the slides into contact with additional 
solution. 

5. After about 24 hours, the tissues may be examined while wet to determine 
if the desired degree of staining has occurred. A golden brown color is preferable, 
and additional exposure to the solution may be required to achieve the desired 
staining. 

6. When the desired effect is achieved, the tissues are dehydrated and a 
cover slip is applied (standard technic). 


RESULTS 


Sections of thyroid tissue prepared by the staining technic but otherwise un- 
identified were submitted to pathologists for objective evaluation. In each in- 
stance, the irradiated tissue was identified. 

In the sections of irradiated thyroid tissue, the cytoplasm of the cells lining 
some of the acini contained numerous black-stained granules of variable sizes 
(Figs. 1-4). In the sections of tissue from the control thyroid glands, a rare acinar 
cell contained an occasional granule; however, difficulty was not encountered in 
differentiating the irradiated from the nonirradiated tissue. 

Particle tracks were not observed in the tissue. If track studies are desirable, 
emulsion technics must be used in conjunction with the staining method. The 
staining technic apparently does not permit positive identification of the specific 


i: a 


Fig. 2 Section of thyroid gland prepared with the staining technic. The patient had received 
1.23 microcuries of I’. ( <650) 





IONIZING RADIATION IN THYROID GLAND 


Fig. 3 Section of thyroid gland stained with ammoniacal silver nitrate. The patient had re- 
ceived 1.23 microcuries of I'*. (650) 


- 


Fig. 4 Section of thyroid gland, treated with ammoniacal silver nitrate, from a guinea pig that 
had received 50 microcuries of I“. (Oil immersion.) (1160) 
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type of ionizing energy acting on the tissue, and the actual presence of radioac- 
tivity in the tissue cannot be detected. 


DISCUSSION 


The black granular material observed in the cytoplasm of the acinar cells 
is presumed to represent areas in which ionizing energy has been or is present. 
This presumption is based upon the presence of a large number of granules ob- 
served in thyroid tissue known to have been exposed to I'*! during life and con- 
versely upon a sparsity or absence of these granules in tissue in which there was 
no known exposure to I'*1, As the control tissues studies were processed during 
the same period as the treated glands, radioactive material in the atmosphere 
would not appear to be a problem. The histologic variation suggests a radiation- 
induced alteration in the chemical composition of the cells. The dark granules in 
the cytoplasm probably represent areas of differential staining secondary to the 
ionizing energy rather than to the actual location of the radioactive focus. These 
changes may represent the “vacuoles” seen in cells of extensively irradiated tissue 
when hematoxylin and easin stains are used. In any event, the granular areas are 
well localized in the cells. 

Experiments in radiation chemistry have demonstrated that cross linkage may 
occur quite readily when certain polymers are irradiated in an aqueous solution. 
Also, it has been shown that the amount of radiation required for “network” or 
“gel” formation decreases as the concentration of the polymer is reduced in the 
solution. Possibly, this experimentally produced reaction is analagous to changes 
in biological systems subjected to ionizing radiation.1 If this is true, the presence 
of the black granules in the cytoplasm of acinar cells could be explained at least 
in part. 

In the development of this technic, most of the tissue utilized was from the 
thyroid gland. Application of the staining technic to blood and other tissues, 
however, seems to indicate that histologic alterations secondary to radiant energy 
may be localized in these other tissues. 
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Evaluation of Potassium Iodide as a Thyroid Suppressive 
Agent and Its Comparison With 
Triiodothyronine (Cytomel )'*** 


Maxwell Spring, M.D., F.A.C.P.° 


Daily ingestion of average doses of dessicated thyroid will temporarily raise 
the BMR which then returns to normal when thyroid extract is continued. After 
the ingestion of dessicated thyroid extract is discontinued, the BMR may tempo- 
rarily fall to hypothyroid levels (1). Greer (2) and Perlmutter, et al, (5) ob- 
tained a depression of the radioiodine uptake of the thyroid gland in normal 
subjects after they ingested dessicated thyroid. Morgan and Trotter (3) reported 
similar findings in both normal subjects and in hyperthyroid patients who were 
successfully treated with radioiodine. Starr and Liebhold-Shueck (4) showed 
that the same effect could be produced after ingestion of thyroxine and triiodo- 
thyronine. Greer and Smith (6) found that the daily ingestion of dessicated 
thyroid for two to four weeks will markedly depress the radioiodine uptake of 
the thyroid gland in normal subjects but not in hyperthyroid patients. Perlmutter 
and Slater (7) utilized this technique to differentiate their euthyroid from their 
hyperthyroid subjects. Werner and Spooner (8) obtained the same differentia- 
tion by utilizing triiodothyronine instead of dessicated thyroid. Various modifi- 
cations of this so called Werner test have been reported (9, 10, 21). The majority 
of the tests used are relatively time consuming and depend on patient coopera- 
tion for oral intake of the required medication before a definite diagnosis can be 
made. 

An evaluation of potassium iodide as a thyroid suppressive agent in both 
euthyroid and hyperthyroid subjects and its comparison with triiodothyronine 
will be reported. It was found to be the cheapest and simplest thyroid gland sup- 
pressive agent to use; required the shortest interval of time to obtain the desired 
result and very accurately could differentiate the euthyroid from the hyperthy- 
roid state. 


*With the technical assistance of: Miss Olga Gallego, B.A., Bronx-Lebanon Hospital 
Center, Fulton Division, and Mrs. Lillian Jones, B.A., City Hospital in Elmhurst. 

*From the Thyroid Clinic, Isotope Service, and Department of Medicine, Bronx-Lebanon 
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TABLE I 


EUTHYROIDS 





Name 


; | AS. 


4. | GR. 


5. | ER. 


6. | AS. 


7. | E.T. 


9. | LS. 


10. | M.W. 


Sex 
| 
| 


| 
| F 
| F | 


F | 
Fy 
| F | 

M | 


F | 


| F 
| F | 


FT 





Initial | 





| nodule 


45 














] 
Type Uptake after KI Points 
| 


32 





cancer of pancreas | si 





24 





24 | 





| 4.5 (24 hr.) 


| 








8. | J.G. Bu | previous surgery for hyper. | 











nodule 





.| MI 


|B. 


a 


unilat. exopth. 








| 36 
hot nodule | 24 





14. | S.R. 


15. | LH. 


16. | A.W. 


| 
[F 


3 (24 hr.) | 


| 45 (72 hr.) | —34 
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TABLE I (con’t) 





Initial Uptake 
Uptake after KI 





j.3. M S5 18 —37 





M.C. F hot nodule 23.5 25 +1.5 























MEAN: 42.8% 22.1% 


20.7% 
*T3 test 
AKT test 


METHOD 


All suppressive tests performed between January, 1959 to June, 1963 were 
collected and evaluated as to their accuracy is assessing the thyroid status of the 
patients. There were 161 tests performed in a total of 87 patients who were seen 
in private practice and the thyroid clinics of the Bronx-Lebanon Hospital Center 
(Fulton division) and the City Hospital at Elmhurst. These were divided as 
follows: 


Euthyroid 
Euthyroid 
Euthyroid with hot 
nodules 


total 


TABLE IA 





Number of patients and diagnosis 





Total 87 Trials 161 





Hyperthyroid | Euthyroid 








a. Graves | 

b. Nodular 15 Normal thyroid 

. Recurrent after Hot nodule 
surgery 1 | 

d. Undiagnosed 1 





Sex—Females 85 Males 7 





Age—16-71 Thyrotoxics 
15-69 Euthyroids 
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Hyperthyroid (diagnosis made clinically and confirmed by radioiodine 
uptake ) 
Graves 34 
Nodular type 15 
Recurrence after surg. 1 
Goitre type unknown 1 


total 51 . 


Age range was 16-71 for the thyrotoxics and 15-69 for the euthyroids. There 
were seven males. Seventeen of the thyrotoxics had the test performed prior to 
therapy; in five of these the test was performed both before and after treatment 
(Table IA). 

The comparison between the suppressive effects of KI and triiodothyronine 
was made in both euthyroid and hyperthyroid patients at the City Hospital in 
Elmhurst. There were twelve hyperthyroids and fourteen euthyroids. One of the 
hyperthyroids was evaluated before and eleven after therapy. Seven hyperthy- 
roids and three euthyroids who had the comparison made at the Bronx-Lebanon 
Hospital Center (Fulton division) were added to the series. Thus, a total of 
nineteen hyperthyroids, three before therapy and seventeen euthyroids were com- 
pared. Thirty-five of these patients completed both and one only the potassium 
iodide trial. An NRD and Baird Atomic scintillation probes were used respectively 
at the Fulton division and the City Hospital to measure the uptake of the thyroid 
gland. Air was used as a background for the initial uptake and the thigh when 
measuring residual activity. 

The technique of the KI test was that tried and found to be satisfactory by 
Rossman (unpublished observations ), formerly of our group, and is as follows: 

1. Initial I'*' uptake 

2. 100 mg of KI dissolved in water is given to the patient by the technician 

for oral ingestion. 

3. At 48 hours a 15-50 microcurie capsule of I'*! is given to the patient after 

the residual radioactivity is measured. 

4, At 72 hours a 24 hour RAI uptake is measured. 


The per cent depression of the uptake is equal to: 


initial uptake—final uptake x 100 
initial uptake 





For a comparison between KI and T® the patient serves as his own control. 
Prior to the KI test T* is given as follows: 
. Initial uptake 
2. Triiodothyronine 25 micrograms TID for seven days. 
. On the seventh day a 15-50 microcurie capsule of I'*! is given to the 
patient after the residual radioactivity is measured. 
. On the eights day a 24 hour uptake of I'*! is measured. 


IU—FU 
% depression ———— xX 100 
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5. Wait two weeks. 
6. KI 100 mg orally as described. 
7. Repeat numbers 3 and 4 as described. 


A depression of uptake of I'*! greater than 25 per cent of the initial uptake was 
interpreted to be a normal response. In comparing the difference in effectiveness 
between KI and T* a point percentage difference of plus or minus 5 per cent 
was arbitrarily selected to be significant. 


RESULTS 
POTASSIUM IODIDE TEST: 


1. Euthyroid patients: In the twenty-two patients with no evidence of thy- 
roid disease four had hot nodules. The mean initial thyroidal uptake of radioio- 
dine was 42.8 per cent with a range of 26-79 per cent. Seventy-two hours after 
ingesting a hundred milligrams of KI the mean 24 hour radioiodine uptake was 
22.1 per cent; the mean percentage point fall was 20.7 and the mean percentage 
suppression was 49.7 per cent (Table I). 


In the four patients with hot nodules the mean initial uptake was 38.9 per 
cent and the final uptake after one hundred milligrams of KI was 31.6 per cent. 
The percentage depression of 18.7 per cent is well within the hyperthyroid 
range (Table I). 


2. Hyperthyroid patients before therapy: Seventeen patients with proven 
thyrotoxicosis receiving the hundred milligram dose of KI orally described showed 
a mean 24 hour I'*! uptake of 53 per cent before the suppression test and 49.3 
per cent after it. The mean percentage points of fall was 3.7 and the percentage 
depression was 5.5. The range was —22.5 to +26.5 per cent. There was no dif- 
ference found between the nodular and diffusely enlarged gland (Table II). 


3. Hyperthyroid patients after therapy with radioiodine: In the twenty- 
seven patients studied the results of the KI suppression test accurately reflected 
the status of the thyroid gland. When suppression was less than 25 per cent fur- 
ther treatment was indicated except in those patients in whom the radioiodine 
uptake was within the normal range, namely 20-40 per cent before the test. In 
patient Z.W. therapy was given in spite of a suppression test of 28 per cent 
because she was clinically hyperthyroid (Table III). 


In a few preliminary studies in which the radioiodine uptake was performed 
daily for three days after KI was given to hyperthyroid patients, it was found 
that suppression of uptake after 24 hours fell to euthyroid levels and then by 
72 hours rose to the hyperthyroid range. (In patient J.G. the initial uptake was 
53.6 per cent, then fell to 8.3 per cent after 24 hours and rose to 56 per cent 
in 72 hours. Patient T.R. had an initial uptake of 39.6 per cent which fell to 
4 per cent in 24 hours, rose to 24 per cent in 48 hours, and to 50 per cent in 72 
hours.) This type of finding is being investigated further (Table II). 
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TABLE II 
HYPERTHYROIDISM BEFORE THERAPY 





| 
| | Type of | % Initial | % Uptake 
| 


Name Sex | Disease | RI Uptake | After KI 





as bee. iP ] G _ - | 48.3 





49 
48 





67.6 








56.0 








(200 mg. 24 hr.) 








8.3 (24 hrs.) 
56 (72 hrs.) 





| 24 hr. 48 hr. 72 hr. 





| 4 


| 
| 
| 
| 
36.8 iM 
| 
| 
| 10 as | 





Recurrence | | 41 
after RAI | 











G 4A | 41 





“~—o, | LL N | “ 


11. | M.C. | ; 56. 


12. | D.M.| F | | 44 














13. | F.P. | M | ae 50. 


14. | LG. A | | 39 











57 








69 
59 54 





65 54.5 








Mean—S53 .0% 49.3% 


**KT test before and after treatment 
***Patient No. 5 previously had a non-toxic adenoma removed 
G Graves disease 
N Nodular hyperthyroidism 
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TABLE III 


HYPERTHYROIDISM AFTER THERAPY BRONX 





Type of % Initial % Uptake Diff. in 
Disease RI Uptake After KI Points 





*32.4 20.8 —11.6 
G 32.4 20.0 —12.4 





43 28 —15 
44 46. +2. 
52 32 —20 





54. 48 —6. 
73 67 —6 











50. 41.3 | —9. 





24. KY. 
29: +2. 





43 
31 —37. 
13.7 





2.3 (after 24 hrs.); 
16.6 (after 72 hrs.) 











9 





7H is 
71 





5 IP 
44. 














25 





55.+ 
58 





28 





63 
65.+ 
63 





29 








42 
40 




















30. 
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TABLE III (cont'd) 





Type of % Initial % Uptake 
Disease RI Uptake After KI 





*51 | 60 
51.7 67 
42 | 











*30.5 
30.5 








G 67 




















G 















































** KI test before and after treatment 
G Graves disease 
N nodular hyperthyroidism 


COMPARISON OF KI WITH TRIIODOTHYRONINE (T?*) 


1. Euthyroid patients: There were nineteen trials in seventeen patients 
(Table IV). The mean initial I'*! uptake was 41.5 per cent with a range of 15.7 
to 70.4 per cent. After the cral ingestion of T* and KI as described under method 
the mean final uptake was 17.4 per cent and 10.3 per cent respectively. The per- 
centage suppression was 59.8 per cent and 72.7 per cent for T*® and KI respec- 
tively. In four patients, J.L., W.R., A.A., and O.M., after T® and in two, M.F. and 
O.M., after KI, the percentage depression fell within the hyperthyroid range. 
However, in patients J.L., W.R., and A.A. the percentage suppression after KI 
was within the normal range and in patient M.F. the percentage suppression after 
T® was also normal. Patient O.M. had a hot nodule. Her initial uptake was 42 
per cent, but percentage suppression after T* and KI was within the hyperthyroid 
range. Continuous observation of this patient for the past four years reveals no 
evidence of the presence of hyperthyroidism (Table IV). 

In comparing the suppressive effects of T* and KI, it was found that thirteen 
or 68.4 per cent of the trials favored KI; four or 21 per cent of the trials favored 
T*, and in two, or 10.5 per cent of the trials there was no difference. Thus, in 
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TABLE IV 


EUTHYROIDS 


ELMHURST 





Name 


Initial RI 
Uptake 


EI Uptake 
After T8 
& KI 


Diff. in 
Points 


Percentage 
of Sup- 


pression 


Most 
Suppressive 





“37 
ba 


—8. 
—92. 


KI 





“15: 
Pts. 


—33. 
—S58. 


KI 





*43. 
7743). 


—80. 





*54. 
“S58: 





*18. 
"* 18: 





wae: 
7*56. 


KI (nodule removed 
5 yrs. before) 











*24. 
**24, 





ee 
pis SP 





730. 
me SG. 





"36. 
**36:; 





"70. 
“70: 





*40. 
"40. 





*53. 
#259" 





*47. 
ray. 














“52. 
bein Je 
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TABLE IV (con't) 








| | | 
| | EI Uptake Percentage 
Sex | Initial RI | After T Diff. in of Sup- Most 


Uptake 


— KI Points pression Suppressive 





KI 





—70.3 





+23.6 
—11 9 








—94 .3 
—94.1 





*T3 test ** KI test 


fifteen, or 79 per cent of the trials KI was more or equally as suppressive as T* 
(Table IVA). 

2. In the three hyperthyroid patients compared prior to the tests the initial 
uptake averaged 65.5 per cent and it fell to 60.2 and 51.1 per cent after the in- 
gestion of T* and KI, respectively. The respective percentage suppressions were 
7 and 19.7 per cent. These figures are within our accepted hyperthyroid range. 
In one patient KI suppressed the uptake to a euthyroid level while T* did not. 
In two out of the three patients KI suppressed the radioiodine uptake to a greater 
degree than T* and in one patient suppression by both drugs was approximately 
equal (Table V). 

3. Hyperthyroid patients after therapy with radioiodine: Sixteen patients 
had the comparison made. Five of these were from the KI series at the Fulton 
Division, Bronx-Lebanon Hospital Center. Fourteen completed both series of 
tests. All the tests accurately reflected the thyroid status of the patient (Table VI). 
When the initial uptake was within the normal range and suppression less than 
25 per cent it was assumed that continued hyperactivity of the thyroid gland was 
present even though the uptake was normal, but no treatment was required. When 
the uptake was in the abnormal range and suppression was less than 25 per cent 
it was felt that the patient was hyperactive and therapy was indicated. 

Out of the twenty-three trials in the fourteen treated hyperthyroid patients 
KI gave a greater suppression of the I'*! uptake than T* in eleven, or 47.9 per 
cent; T® gave a greater suppression than KI in six, or 26 per cent, and KI and T*® 
gave equal suppression in six, or 26 per cent. 

Although KI suppressed the radioiodine uptake to a greater extent than T® 
in 66 per cent of the pretreated hyperthyroids the number of patients studied was 
too small for any valid conclusion. However, KI suppressed the radioiodine uptake 
of the thyroid gland to an equal or greater extent in 74 per cent of the 23 trials 
in the hyperthyroid patients after they had received therapy. 
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TABLE IVA 


KI vs. T*: % Suppressibility 
Euthyroids: 17 patients, 19 trials 





KI > T* | 13 or 68.4% 





T*® > KI | 4 or 21% 





KI= T® | 2 or 10.5% 





KI same or > T? | 15 or 79% 


DISCUSSION 


Since Farquharson and Squires (1) showed that withdrawal of dessicated 
thyroid after its administration can cause a depression of the BMR in normal 
subjects, studies have been in progress to elucidate the mechanism of the action 
of iodine on the thyroid gland. Stanley (11) reported that in acute experiments 
the serum iodide levels with which inhibition could be produced in thyrotoxic 
subjects was 5 »g/100 ml or less and in euthyroid subjects between 6-12 »g/100 
ml. Similar results were obtained by Childs, et al, (12) in patients with exopthal- 
mic goitre. Ansell and Miller (13) concluded that in patients with thyrotoxicosis 
iodide as sodium iodide (130-390 mg daily) not only suppresses the reaccumu- 
lation of radioiodine but also slows the release from the thyroid gland of pre- 
formed radioactive thyroid hormone thereby preventing any increase in the rate 
of fall of gland radioactivity. Greer (2) felt that the greater part of the decrease 
in endogenous thyroid activity observed during the administration of exogenous 
hormone was due to an inhibition of thyrotropin secretion by the pituitary gland. 
Perlmutter, et al. (5), Goldsmith and Eisle (14), and Solomon (15) came to 
essentially the same conclusion. Milne, Greer, and Scott (16) reported that high 
concentrations of inorganic iodide depress the concentration gradient of iodide 
in the thyroid gland of rats. At a concentration of 10'M iodide depressed organic 
binding and at a concentration of 10°M it completely inhibited it. 

Morgans, Oldham and Trotter (3) showed that 4.4 mg of L thyroxin daily 
for two weeks can reduce thyroidal radioiodine uptake. Starr and Liebhold- 
Shueck (4) pointed out that 4 mcg of triiodothyronine has no effect and 8 mcg 
daily has a maximal effect on suppression of the thyroidal radioiodine uptake. 
Some effect was obtained with 2.1 mg and a definite one with 4.2 mg of KI daily 
for one week in reducing thyroidal uptake of radioiodine. At least 5-10 times as 
much iodine in inorganic form as in hormonal combination is needed to depress 
the radioiodine uptake of the thyroid gland. 

McConahey and Owen (17) suggested that 25 mcg of triiodothyronine daily 
is the minimal effective suppressive dose. Hales, et al. (21), found that a mini- 
mum of seven days of ingestion of T* was necessary before suppression was ob- 
served in the euthyroid patient. Feingold (18) and Paris (24) and their co- 
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TABLE V 


HYPERTHYROIDS ELMHURST 
BEFORE THERAPY 








Initial RI | RI Uptake | Diff. in | Percentage of Most 
Name | Sex| Type| Uptake | AfterT*&KI| Points | Suppression | Suppressive 





*62 49 : } —21 
49 j | —21 





69 | | +17 
54 | —6.1 





—17 
—32 








*T test ** KI test 
G Graves 


workers at the Mayo Clinic reported effective suppression of the radioiodine up- 
take when at least 2-3 mg of potassium iodide was the carrier for the radioactive 
iodine. Greer and DeGroot (19) obtained slowing of the secretion rate of thyroid 
hormone for 3-8 days in thyrotoxic patients after they received one dose of 100- 
300 mg of sodium iodide. The response to the iodide took one to two days before 
any effect could be seen. The effect could always be overcome by the exognous 
administration of thyrotropin. 

The suppressive action of triiodo-thyronine is thought to be due to its localiz- 
ation in the hypothalamus and presumably this results in a depression of the pitu- 
itary output of TSH (20). Iodine, on the other hand, suppresses organic binding 
of iodine and also thyroxine release. 

With these thoughts in mind it was felt that a simple test for thyroid suppres- 
sion was needed in order to be able to differentiate the euthyroid from the hyper- 
thyroid especially in borderline cases. In the technique of the test described the 
findings of Greer and DeGroot (19) attest to the correctness of the assumption 
of the 72 hour waiting period. A few preliminary observations of my own on 
patients J.R. and T.R. (Table II) have also borne out the validity of the 72 hour 
waiting period. The amount of elemental iodine in 100 mg of KI is 72 mg and in 
the total amount of T* used in our experiment was 600 mcg. 

It has been shown that T* has a half life of 2-3 days in single dose experi- 
ments (25). Following the discontinuence of the ingestion of T* the I'*! uptake 
is depressed for a few days. Normal function was found to return during the 
third to fourth week (20). These facts were taken into account in the experi- 
mental design of our study when KI and T* were compared. The two weeks 
waiting period before KI was given was to allow the uptake to return to normal 
after T® was discontinued. It was assumed that it did. Thus, only an initial uptake 
was performed in each experiment in which KI and T* were compared. 
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TABLE VI 
HYPERTHYROIDS ELMHURST 


AFTER THERAPY 





Initial RI RI Uptake Diff.in | Percentage of Most 
Uptake After T*’& KI| Points Suppression | Suppressive 








*32.4 20.8 6 
“932.4 20.0 4 ; SAME 








*23:.0 24. 4 eS 
“923.0 25. 4 : SAME 





"43. 42. ‘ 
wreS 40. : SAME 








75K. 60 
aESt. 67 








*30. 26. 
“930: 26. 








*47. 47. 
wR 44. 








as 32. 
wR SP. 23. 





"25. 33. 
pu 





735. ; ; 
wre : : KI 





*47. 3. : ; 
a 8 , ; SAME 





*42. 
**42 | 





*22). 
wei 22 








"56. 
**34 4: 








*710); 
wmiO 





*46. 
**46. 
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TABLE VI (con’t) 





Ti Cae & 
| | | Initial RI | RI Uptake | Diff. in | Percentage of Most 
| Name | Sex | Type | Uptake | After T — KI | Points Suppression | Suppressive 





| —75.1 






































“T* test ** Ki test 
G Graves 
N nodular 


The high mean initial radioiodine uptakes in the euthyroid patients are in- 
explicable to me. The fact that these parents were all normal was proven beyond 
doubt by the degree of suppression after the ingestion of KI. 

Potassium iodide was found to be a very effective thyroid suppressive agent. 
It predicted the clinical status of the patient accurately in 100% of the thyrotoxic 
patients before treatment and in all the euthyroid patients. In the four euthyroid 
patients with hot nodules suppression after KI was in the hyperthyroid range. 
To date, follow up of these patients revealed no evidence of the development of 
thyrotoxicosis. In the hyperthyroid patient who had received treatment, the KI 
suppression test adequately reflected the clinical assessment of the thyroid 
status in the majority of the patients. In a number of the latter patients the per- 
centage depression of the uptake was in the hyperthyroid range. However, in those 
in whom initial uptake was in the hyperthyroid range further treatment was indi- 
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cated; in those in whom the initial uptake was in the normal range no therapy 
was indicated. The latter were considered to be manifesting mild hyperactivity in 
conformity with the findings of Hales and his coworkers (22). This was first ex- 
pressed by Werner (23) who stated “that in the majority of the patients with 
thyrotoxicosis treated with RAI the thyroid could not be suppressed up to five 
years later whereas in those who had surgery suppression was evident within one 
year after operation.” 

Potassium iodide was shown to be more suppressive than T* in both euthy- 
roid and hyperthyroid subjects and accurately reflected the thyroid status of the 
patient. It is felt that this difference is presumably due to the presence of more 
elemental iodine in KI than in T* and to the site of action of each drug. The only 
presumed action of T* is to suppress the pituitary and indirectly TSH. The pitu- 
itary cannot be suppressed completely. Beyond a maximal dose of T* more will 
not suppress the pituitary further. Iodine, on the other hand, can completely in- 
hibit the organic binding of iodine in the thyroid gland provided the concentra- 
tion of iodine in the gland is sufficiently high. Secondly, either directly or indi- 
rectly, it can inhibit the pituitary. Thus, we have a reasonable explanation for 
the difference in the suppressive action between KI and T*. Further investigation 
to relate the level of serum iodide to the suppressive effect of KI on a day to day 
basis is presently under study. 


CONCLUSION 


Potassium iodide was evaluated as a thyroid suppressive agent in 87 patients, 
36 euthyroids and 51 hyperthyroids. In the hyperthyroids it was evaluated before 
and after therapy. It accurately reflected the clinical state of the thyroid gland 
in 100 per cent of the hyperthyroid patients before therapy, in all of the euthyroid 
patients and in the majority of the hyperthyroid patients after receiving therapy. 
In comparing it with triiodothyronine, it was found to be equally as or more 


suppressive in 79 per cent of the euthyroid and in 74 per cent of the hyperthyroid 
patients. 


KI is the cheapest and simplest of the thyroid suppressive agents to use. It 
requires the shortest interval of any of the presently used suppressive agents to 
obtain the required result and very accurately can differentiate the euthyroid from 
the hyperthyroid state in both the obvious and borderline cases. 


As a result of this experiment, it is felt to be the drug of choice as a thyroid 
suppressive agent. 
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Determination of Citric Acid in Serum and Urine 
Using Br™ 


S. L. Jacobs, Ph.D.,' and Norman D. Lee, Ph.D. 
Los Angeles 


Methods which have commonly been used for determination of citric acid 
levels in blood and urine depend upon oxidation of citric acid to acetone dicar- 
boxylic acid with subsequent decarboxylation and bromination to pentabromo- 
acetone (1-3). Technics used for quantitation of the pentabromoacetone include 
photometric determinations with such reagents as pyridine (4), alcoholic sodium 
iodide (5), thiourea (6), sodium sulfide (7), thiourea-borax-Na,S reagent (8), 
formate, molybdate and KI (9) and titrimetric procedures for Br released by 
means of Na,S (10) or sulfite (11). 

The present study proposes a means by which the pentabromoacetone may 
be measured directly, without the necessity of time-consuming photometric or 
titrimetric operations, through use of the radioactive isotope of bromine (Br**) 
in the brominating reagent. 


EXPERIMENTAL 


Reagents 


Perchloric acid, 0.65 M. Mix 5 ml 70 per cent HClO, with 85 ml distilled 
water. 

Potassium hydroxide, 33 per cent. 

Brominating reagent, 2 N: Dissolve 17.16 g NaBr and 5.04 g NaBrO, in dis- 
tilled water. Add 10-25 mc Br**, carrier-free (obtainable from Oak Ridge Na- 
tional Laboratory), and dilute to 100 ml with water. 

Saturated ferrous sulfate in 0.02 N H,SO,. 

Sulfuric acid, 12 N. 

Potassium permanganate, 5 per cent. Boil for 10 min., cool, filter through 
glass wool and readjust volume. 

Manganese sulfate, monohydrate, 40 per cent. 

Hexane, obtained from British Drug Houses, Ltd. 

Carbon tetrachloride. 

Sodium bromide, 0.01 M. 103 mg per 100 ml distilled water. 


*Bio-Science Laboratories, Los Angeles 25, Calif. 
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Citric acid stock solution. Dissolve 109.3 mg of citric acid monohydrate in 
100 ml 1 N H,SO,. This solution is equivalent to 100 mg citric acid per 100 ml 
and is stable for at least one year 


Procedure 


Because of the possibility of escape of radioactive bromine gas during the 
analysis, all operations subsequent to the first addition of brominating reagent 
should be carried out in a fume hood. 


1. To 13.5 ml of perchloric acid reagent add 1.5 ml of serum with continu- 
ous mixing; for urine use 1.5 ml of a 1:20 dilution. Wait 10 min and centrifuge. 
(When abnormal quantities of acetone bodies are suspected, they should be 
eliminated by the following procedure: Using doubled quantities of materials, 
20 ml of the clear supernatant is concentrated to 6 ml by boiling and the volume 
restored by addition of water.) A citric acid standard solution, 4 mg per cent, 
which may be desired as an additional control in the method, is prepared by 
diluting the stock solution 1:25 with water and treating with perchloric acid as 
described. A blank is also prepared by substituting 1.5 ml of water for the speci- 
men. 


2. To 20 x 150 mm test tubes add 12 ml of the clear supernatants and 1.2 
ml of 33 per cent KOH. After vigorous mixing, place the tubes in an ice bath 
for 5 min and separate the KCIO, precipitates by centrifugation. Transfer 10 ml 
of the supernatants to 35-ml glass-stoppered centrifuge tubes, add 5 ml of 12 
N H,SO, with mixing and 1 ml of the radioactive brominating reagent. Stopper, 
mix and allow bromination to proceed at room temperature. 


3. After 30 min remove the Br, gas from above the liquid surface with 
suction, trapping the vapors in dilute sodium hydroxide. To each tube add 2 ml 
of the ferrous sulfate solution, stopper and shake vigorously. Add 6 ml of carbon 
tetrachloride, stopper and shake vigorously for 3 min and centrifuge. 


4. After centrifugation, transfer 15 ml of the aqueous phase to 50-ml glass- 
stoppered tubes, cool to 18°C in a water bath and maintain at this temperature 
for the subsequent oxidation-bromination step. To each tube, add 1 ml of 
MnSO, and 1 ml of radioactive brominating reagent. Slowly add 2.5 ml of 
KMn0O, with mixing; shortly after this a brown MnO, precipitate should appear. 


5. After incubating in the 18°C water bath for 30 min, remove the Br, 
vapors as described above and add 6 ml of ferrous sulfate reagent. After mixing, 
extract the radioactive pentabromoacetone by shaking the tube with 10 ml of 
hexane for 6 min. Centrifuge and transfer duplicate 2-ml aliquots of the hexane 
phase to test tubes suitable for use with a well scintillation counter. Wash the 
hexane aliquots by shaking with 5 ml of 0.01 M NaBr, centrifuge and remove 
the aqueous phase from beneath the hexane using a fine-tipped pipet and suction. 


6. Radioassay the hexane aliquots as well as a 2-ml aliquot of a 1:1000 
dilution of the brominating reagent for use as the standard in the calculations. 
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Calculations 


All gross sample count rates, before being used in the following calculations, 
are corrected by subtracting the gross count rate of the blank. The standard is 
corrected for background radioactivity only. 


Let S, = c/m in the standard equivalent to 1 mg of citric acid (1:1000 
dilution of brominating solution, 2 ml. ) 
U, = c/m in hexane aliquot from serum analysis. 
U, = c/m in hexane aliquot from urine analysis. 
c/minthe standard 400 


Then S, = x ——, where 0.160 is the number of mg of 
0.160 192 400 


Br in the aliquot of standard and the factor —— converts the mg Br in 
192 
pentabromoacetone to the equivalent number of mg of citric acid. 





Serum citric acid, mg% = — x — , where 0.151 is the actual volume of 
S. 0.151 
serum in the final assay step. 
q 100 
Urine citric acid, mg’ = —— x , where 0.0076 is the actual volume 
S. 0.0076 


of urine in the final assay step. 


Study of the Method 


The method of Taussky (12), based on conversion of citric acid to penta- 
bromoacetone and the reaction between this and sodium iodide to give a yellow 
color was employed as the method of reference for comparison with the 
newly-developed procedure. The only deviation from that of Taussky was sub- 
stitution of hexane for heptane. 


Table I shows the results obtained on five freshly drawn normal sera and 
six fresh normal urine samples. Recoveries of citric acid added to 2 serums 
and 2 urines at levels of 5 and 100 mg per cent, respectively, and carried 
through the isotope procedure, were 96 to 109 per cent (mean, 102%). Preci- 
sion, calculated from duplicate determinations was + 9.2 per cent (95% limits ) for 
5 serum and + 6.6 per cent for 6 urine assays. Reagent blanks carried through 
the procedure gave an apparent citric acid concentration of 0.3 to 0.4 mg% per 
cent for serum and 6.2 to 8.4 mg per cent for urine. 

Comparison of ‘the paired results obtained by the two methods revealed no 
significant difference for serum; for urines, on the other hand, the Br’? method 
resulted in a distinct increase that was highly significant (P<0.01). 


DISCUSSION 


The validity of this method rests on the assumption that the radioassay value 
represents pentabromoacetone prepared from bromine-82 of known specific ac- 
tivity. The determination of this specific activity is simply achieved through 
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knowledge of the Br®® concentration in this reagent and the subsequent radio- 
assay of an aliquot. This assumption is valid so long as no other Br®° is admitted 
to the procedure. It is for this reason that the first bromination operation (step 
2) requires the use of the radioactive reagent since bromine is carried over into 
the aqueous phase used in step 4, the preparation of pentabromacetone from 
citric acid. 


Another assumption is that no other radioactive materials than pentabro- 
moacetone contribute to the radioassay value. In this connection, two serious prob- 
lems arose with respect to reagents. It was discovered that trichloroacetic acid 
and hexane, or impurities in these reagents, became labelled with Br**, thus 
producing high and erratic blanks. Substitution of perchloric acid as protein 
precipitant in place of the trichloroacetic acid and substitution of carbon tetra- 
chloride for hexane in the first solvent extraction step eliminated these problems. 
Hexane could still be used for the final extraction since there is no opportunity 
for bromination of the final extractant. 


Comparison of the Br®? and photometric methods for the assay of serum 
(Table I) reveals that there is no significant difference between the two methods. 
In the case of urines, however, the Br®? technic yields results averaging 11 per 
cent higher than does the photometric method. The reason for this is not readily 


TABLE I 


COMPARISON OF RADIOMETRIC AND PHOTOMETRIC METHODS 


Citric acid concentration, mg% 


Br® Method | Photometric Method 
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apparent, although it would seem that there may be some substance (or sub- 
stances) in urine which upon oxidation and bromination yields a derivative 
which is stable toward alcoholic sodium iodide so as not to be determined in the 
photometric procedure. 


The proposed method is of particular value when a large number of samples 
are to be run together. Time-consuming washing of hexane extracts, and prepara- 
tion of the unstable iodide reagent, setting up of color reaction and photometry 
itself are eliminated from the determination. For this is substituted the much 
simpler and readily automated counting procedure. Moreover, problems often 
encountered in the photometric technic due to insufficient purification of the 
solvent hexane are not present here. 


SUMMARY 


Radiometric assay for Br’? was used in the analysis for citric acid by in- 
corporation of this isotope in the brominating reagent for conversion of the citric 
acid to pentabromoacetone. This provided a rapid and simple means for quan- 
titative recovery of added citric acid and a precision (95% confidence limits) of 
+ 9,2 per cent and + 6.6 per cent was obtained for serum and urine specimens, 
respectively. Results by this technic were slightly higher for urine than those 
obtained by the photometric method used for comparison, whereas results for 
serum agreed well. 
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Relationship Between Hg” Excretion Rate and Diuretic 
Response Following Hg’ Mercaptomerin 
Sodium Administration’ 


Gerhard Levy, Pharm.D., Benjamin Calesnick, M.D., and Arthur Wase, Ph.D. 
Buffalo and Philadelphia 


The relationship between the time course of absorption, metabolism, and 
excretion of a drug and the time course of pharmacologic effects due to the drug 
is of considerable importance in chemotherapy since dosage regimen and dosage 
form design are based, in part, on the nature of this relationship. These consider- 
ations have led to a re-examination of some of the data reported recently by 
Calesnick and Wase (1), who determined the average urinary volume and the 
average excretion of radiomercury at various times after subcutaneous injection 
of Hg*°? mercaptomerin sodium. Calesnick and Wase concluded that a dissoci- 
ated relationship exists between Hg? excretion and the diuretic response. This 
conclusion was based on a comparison of the time course of diuresis with the 
time course of Hg? concentration in the urine. 

A comparison of the time course of diuresis with the time course of Hg?” 
excretion rate (concentration x volume) leads to an additional and important 
conclusion. A plot of average Hg?°* excretion (cpm per minute) versus average 
urine flow rate (ml per minute), shown as Figure 1, yields a straight line. This 
is particularly evident from the points representing the post-equilibrative (post- 
absorption ) phase of the experiment. Interestingly, the straight line intercepts the 
urine flow rate axis at 1.17 ml per minute, which is about the usual average flow 
rate of a normal adult human (2). The regression equation calculated from 
the experimental data (excluding the one point which deviates considerably 
from the linear relationship ) is: 

Urine flow rate = 0.84 Hg? excretion rate + 1.17 ml. when urine flow 
rate is expressed in ml/min, and Hg?’ excretion rate in cpm/min. Deviations 
from this type of relationship can be expected to occur upon administration of 
very large doses, since these probably cause crystalluria (3) by a mechanism 
analogous to that described with respect to other agents (4). Crystalluria caused 
by exceeding the solubility of the drug or its metabolites in the urine can affect 
both urine flow rate and drug (and/or metabolite) excretion rate. 


*Biopharmaceutics Laboratory, School of Pharmacy, State University of New York at 
Buffalo, Buffalo 14, New York, and Laboratory of Human Pharmacology and Department of 
Biochemistry, Hahnemann Medical College, Philadelphia, Pennsylvania. 
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The present analysis of the data of Calesnick and Wase (1) indicates a 
definite time intensity relationship between diuresis and Hg? excretion due 
o Hg?°? mercaptomerin. 
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Fig. 1:—Plot of average Hg? excretion rate versus average urine flow rate at various 
times after subcutaneous injection of Hg23 mercaptomerin sodium. Calculated 
from the data of Calesnick and Wase (1). © Absorption phase (up to 175 min- 
utes after drug adminstration), @ post-absorption phase (175 minutes and later 
after drug administration). 
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Intermolecular Reactions between Glycerol and 
Lactate Dehydrogenase. Influence on the Radiation 
Sensitivity of the Enzyme’ 


W. Lohmann, Ph.D., A. J. Moss, Jr., B.S., and W. H. Perkins, M.D. 
Little Rock, Arkansas 


Recently we have shown (1) that glycerol protects catalase against radia- 
tion when added prior to irradiation. A complex involving glycerol and the 
metal ion present in the enzyme seems to be responsible for the radioprotective 
effect. As a result of this complex formation, the metal present in the enzyme can 
no longer function as an energy sink or act as an efficient acceptor for the hy- 
drated electron (e- a 


If the protective action of glycerol can be attributed to this mechanism, then 
it is possible that a modification of the radiation response should also be ex- 
pected when glycerol is added to other metallo-enzymes. In our present investi- 
gations lactate dehydrogenase (LDH) was used. This metallo-enzyme contains 
zinc bound coordinatively (2). 

18 \ of a rabbit muscle LDH stock solution? (46.2 mg/ml) were diluted with 
100 ml of 0.035 M phosphate buffer, pH 7.4 making a final LDH concentration 
of 6.15 M Glycerol’ (spectro-quality reagent) was added to the LDH solution 
prior to irradiation. The glycerol concentrations used (in » glycerol/10 ml LDH 
solution ) are mentioned in Figure 1. 

One ml samples of LDH solution were irradiated in Lucite containers with 
different doses (0 to 4.5 x 10° r). The irradiations were done with a beryllium- 
window X-ray tube* (100 KV, 12 mA, HVL 0.064 mm Al.) The dose rate was 
about 9 x 10¢ r/min. The X-ray tube was calibrated with an air-wall ionization 
chamber. 

Warburg and Christian have observed (3) that the reduced form of diphos- 
phopyridine nucleotide (DPNH) has an absorption band maximum at 340 mp 
where the oxidized form has no absorption at this wave length. The LDH activity 
was determined spectrophotometrically using the decrease in optical density 
(of DPNH) at 340 my as a function of time after mixing enzyme and substrate. 
A Cary 14 Spectrophotometer® was used for the determination. One ml of 1.14 


‘Departments of Physiology, Radiology, and Medicine, University of Arkansas Medical 
Center; and VA Research Support Center, Little Rock, Arkansas. 

*Mann Research Laboratories, New York, New York. 

®Matheson Coleman & Bell, Norwood, Connecticut. 

‘Philips Electronic Inc., Mount Vernon, New York. 

5Applied Physics Corp., Monrovia, California. 
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‘ig. 1. The influence of different concentrations of glycerol (mg/ml) on the radiation sensi- 
tivity of lactate dehydrogenase. 
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Fig. 2. 50%-dose values as function of the glycerol concentration (values from Fig. 1). 
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x 10-% M pyruvic acid! was rapidly injected with a syringe into 1 ml of each 
LDH solution and DPNH solution? (3.45 x 10-* M). All solutions were pre- 
pared fresh daily and all measurements and irradiations were done at room temp- 
erature. 

The radioprotective effect exhibited by glycerol with LDH is shown in Fig- 
ure 1. Unirradiated samples were used for control values and their activity was 
taken as 100 per cent. The activities of the LDH solutions irradiated with vary- 
ing X-ray doses are shown relative to the control value. As can be seen from Fig- 
ure 1, the addition of small amounts of glycerol exerts a considerable protective 
effect. A maximum of the protective effect seems to be present for glycerol con- 
centrations much less than the highest ones used. Five A of glycerol in 10 ml of 
LDH solution (0.0005 vol.%) gave the greatest protective effect. A similar result 
was obtained for the maximal protective effect in the case of catalase. 

The radiation dose which was required to reduce the LDH activity to 50 
per cent is plotted in Figure 2 as a function of glycerol concentration using the 
results from Figure 1. At maximal protection (54/10 ml), when compared to the 
control, a ca. 13 times greater dose is required to reduce the enzyme activity to 50 
per cent. The protective factor for the higher concentration of 50/10 ml is ca. 
10 per cent less than that observed for 54/10ml. 

All of the results obtained, including the maximum for the protective effect 
(ca. 5A/10ml), are similar to the results obtained using catalase. It, therefore, 
may be concluded that the glycerol-metal complex mechanism might also be ap- 
plicable for the protection of LDH. The best protection seems to be obtained 
with chelating agents complexing with metal ions present in biological systems. 


SUMMARY 


The change in radiosensitivity of lactate dehydrogenase by glycerol was in- 
vestigated spectrophotometrically. The irradiation doses varied between 0 to 
4.5 x 10° r. Small amounts of glycerol (0.0005 vol.%) gave a maximum protective 
effect. This protective effect can be explained by a complex formation between 
glycerol and the metal ions present in the enzyme molecule. 


*Matheson, Coleman & Bell, Norwood, Cincinnati, Ohio 
*Mann Research Labs., New York 
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Instrumentation for the Detection of Iodine-125. Ropert N. Beck, B.S. (Argonne 
Cancer Research Hospital', The University of Chicago, Chicago, Illinois ) 


Iodine-125 decays by electron capture producing a Te-125 atom with an orbital electron 
vacancy and a nucleus with 35.4 kev excess energy. Filling of the electron vacancy is accom- 
panied by x-ray emission (predominantly Ka and Kf with energies of 27.4 and 31.2 kev). 
[his process competes with the emission of Auger electrons. The 35.4 kev gamma is largely 
converted in the K shell providing another x-ray or Auger electrons and lower energy x-rays. 

All of these emissions can be detected with suitably prepared photographic emulsions, 
while the more energetic gamma and K x-rays are most conveniently detected with thin 
window Geiger tubes, gas flow counters, scintillation detectors, etc. In diagnostic scanning 
procedures, scintillation detectors are used to determine the distribution of I by detecting 
the K x-rays and 35.4 kev gamma which appear in a single photopeak. These detectors 
consist of a focused collimator, NaI(Tl) crystal and photomultiplier. Since a half value 
layer in lead is approximately 0.001” for these photons, focused collimators can be constructed 
having very thin septa without loss of collimator resolution due to septum penetration. Such 
collimators are 2 to 3 times more efficient than their counterparts, designed for I'*. Similarly, 
for I’, very high photopeak crystal efficiency is realized with thin crystals, with the addi- 
tional advantage of a low background count rate. Some further increase in detector efficiency 
is achieved by providing the crystal with a beryllium window and a minimum of internal 
packing material, instead of the usual aluminum container. Good energy resolution requires the 
use of stable, low noise photomultiplier, amplifier and pulse height analyzer. 

| 


*Operated by the University of Chicago for the United States Atomic Energy Commission. 


The Radiochemistry and Production of Iodine-125. W. E. Ervesacu, Pu.D. 
(Atomic Energy of Canada, Ltd., Ottawa, Canada. ) 


Although the production of iodine-125 by the neutron irradiation of natural xenon was 
first described in 1951 it was not until almost a decade later that investigations showed that 
a hundred-fold reduction in cost could be obtained by production in a nuclear reactor rather 
than in a particle accelerator. At this same time the clear cut advantages of iodine-125 over 
iodine-131 in diagnostic applications and a method of production, separating, and purifica- 
tion were published. In the production of multi-curie batches of iodine-125, xenon gas 
is irradiated in a flux exceeding 10“ neutrons/cm*/sec at pressures up to 5000 psi. The 
isotope xenon-124 which has an abundance of 0.096 percent is converted to xenon-125 which 
decays to the 57.4-day iodine-125. Some of the iodine-125 captures neutrons to produce the 
undesirable contaminant 13.3-day iodine-126. Optimum production is obtained by irradiating 
for one to two months and by allowing the iodine-126 to decay to an acceptable level. 

The iodine is separated from the xenon by low temperature fractionation. Subsequent 
separation of the iodine from radio-cesiums produced during the irradiation of xenon is 
accomplished by ion exchange. Experiments are described which show the effectiveness of 
this separation. 

Measurements made to ensure the purity of the product are described. These include the 
determination of iodine-126, cesium-137, total solids, pH, reducing agents and trace elements. 
The methods include gamma spectroscopy and spectrographic analysis. 

Although the iodine-125 is prepared as iodide in a basic sulfite solution a combination 
of radiation and dissolved air in the solution rapidly oxidizes the sulfite to sulfate. This 
change is followed by irradiation induced reactions of the iodide whch lead to various oxida- 
tion states of iodine. A method of reconverting these states to the iodide is discussed. 


307 
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Iodine-125 Production Studies at Oak Ridge National Laboratory. P. S. Baker 
(Oak Ridge National Laboratory, Oak Ridge, Tennessee ) 


Since the announcement by the U. S. Atomic Energy Commission on September 20, 1963 
that it (explicitly ORNL) was withdrawing from routine production of I'*, ORNL has 
concentrated its efforts on the AEC directive to “continue its research leading toward a large- 
scale production technology of I’* which would then be made available to industry.” 

The ORNL research and development program has centered around an investigation of 
the batch-type vs loop-type experiments, the economics of normal vs enriched Xe-125 target, 
and a comparison of the advantages of short irradiations with no time for decay of I'* as 
compared to longer irradiations with sufficient storage to allow the I'* to decay to acceptable 
levels. 

Unit full recovery cost for 2-curie batches of I’ containing < 15% I'’* and made by 
irradiation of 55-cc cans of normal xenon at 100 psi is ~ $1.00/mce. Increasing the pressure 
to only 400 psi (pressures of >1000 psi are feasible) would lower the cost to ~ $0.30/me, and 
the use of larger cans would lower the cost still further. With a circulating pressurized loop 
using enriched Xe-124, the cost could be reduced to < $0.05/mce. 

Measurements are also being made to determine whether or not there is a nutron activa- 
tion resonance peak which is sufficiently significant to be a major concern in the production of 
[T*, 


The Assay and Dosimetry of Iodine-125. Paut V. Harper, M.D. AND CHARLES 
Liescos, M.D. (The University of Chicago and Argonne Cancer Research 
Hospital, Chicago, Illinois ) 


Iodine-125 emits 1.45 + 0.05 photons per disintegration in the 27.3 — 35.4 kev energy 
range. Since these photons are detectable with virtually 100% efficiency using a commercially 
available thin crystal of NaI (Tl) with a 5 mil beryllium window, it is relatively simple to 
count a sample of I'* under conditions of well defined geometry, and to determine the ab- 
solute disintegration rate. A more sophisticated approach is possible which eliminates much 
of the uncertainty in the decay scheme parameters and requires only a well crystal. Since 
I** decays by electron capture followed by a vy transition, photons emitted by those two 
processes are in coincidence, and are summed in the crystal so that when two coincident pho- 


TABLE I 


AVERAGE DOsE IN RADS PER uC DESTROYED/GM 





J-131 [-1%5 
Organ ¥ Total B-like y-like Total 
30 gm. 
Thyroid 120 92 





300 gm. 
Kidney 92 


1500 gm. 
Liver 
70 Kg 
Total 
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tons interact in the crystal simultaneously, they appear as a single pulse in a photopeak at 
55 kev instead of at 27 kev. To data thus obtained, the formulation for the conventional co- 
incidence assay may be applied; viz, 

(total photons detected )? 





Activity = 
4 X (total coincidences ) 
to a very close approximation. Note that each coincidence corresponds to two photons detected. 
Most detectors have adequate resolution to separate the principal and coincidence photopeaks, 
and the spectrum may be displayed with a single or multi-channel analyzer or by using a 
simple integral bias curve. Results from these two assay methods agree within experimental 
error. 

The radiations from I’* fall into two groups, the high energy group of K and y photons 
which have an I y of 1.28 r/hr at 1 cm, and a HVL (wide beam) of 2.5 cm in tissue; and the 
low energy B-like group which is absorbed near the point of origin depositing 21.0 kev/disin- 
tegration. Approximate calculations based on the above parameters using the indicated assump- 
tions are shown below in comparison with I™. The lower energy dissipation rate of I’* more 
than compensates for its longer physical half-life in all actual applications considered. Calcula- 
tions for the B-like radiations present no problem, but the estimation of g for the x-rays is 
complicated by the attenuation and is not covered by the formulations of the standard refer- 
ence works. For the thyroid, kidney and liver u eff. = 0.277 is assumed, and the dosage cal- 
culated with an analogue computer. Spherical models are assumed for the organs. Estimated 
doses to other organs may be derived by interpolation from the values in Table I given the ap- 
propriate biological parameters. The total body calculation assumes complete absorption of 
the emitted energy. 


TABLE II 


[31 anp I'5 COMPARATIVE RADIATION DOSAGE (APPROXIMATE) 





y's y'% 
Initial Dose Total Initial Dose Total 
Procedure Rate Dose Rate Dose Dose 
rad/hr rad [-131/ J-125 








Teff = 6.9d 
Radioiodine Scan 
50 uc 0.43 103 
60% uptake 
T biol = 50 days 


Renogram Teff = 45 min. Teff = 45 min. 
15 uc 
T biol = 45 min. 0.025 0.027 0.0028 0.0030 


Rose Bengal Teff = 2 hrs. Teff = 2 hrs. 
Scan 

200 uc 0.074 0.210 0.014 0.040 
T biol = 2 hrs. 

Blood Volume Teff = 5.4d Teff = 13d 
Tagged Albumin 

5 pe 0.00005 0.010 0.0000096 0.003 
T biol = 17 days 
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I'** As A Source of X-rays. Joun R. Cameron, Pu.D. (University of Wisconsin, 
Madison, Wisconsin ) 


Iodine-125 is a nearly monochromatic source of 27.4 kev photons. 75% of the photons 
emitted by the isotope are at this energy. The remainder are emitted with energies of 31 or 
35.4 kev. The 27.4 kev energy corresponds well to the effective kev of conventional diagnostic 
x-ray devices. At this energy, the linear absorption coefficients of soft tissue and of bone differ 
by about a factor of 10. Concentrated sources of I'® have been used to make diagnostic x-rays, 
The monochromaticity of the isotope can be improved by the use of an Sn filter. A .06 mm 
thick filter of Sn will improve the monochromaticity to better than 95%. The resulting beam of 
27.4 kev photons has been used to measure the bone mineral content in vivo by a direct ab- 
sorption technique.’ The good monochromaticity and constant intensity of the emitted beam 
make the I” source superior to conventional x-ray sources in this application. 

*Cameron, J. R., and Sorenson, J.: Science 142, 230-232 (Oct. 11, 1963). 


The Application of I'** to the Direct Photographic Visualization of the Thyroid. 
GLENN Cayton, B.S., JosepH KEeNsk1, THEODORE Fie.ps, M.S., Ervin Kap- 
LAN, M.D. (Veterans Administration Hospital, Physics Section—Radioiso- 
tope Service Hines, Illinois ) 


This investigation was begun in the hope that observation of the thyroid might be feasible 
by radiographic techniques wherein an elaborate mechanical scanning system would not be 
necessary. 

The properties of x-ray film, professional photographic films, and Polaroid films were in- 
vestigated. Exposures were made by direct contact with a commercial phantom. With the 
no-screen type of x-ray film an image appeared in 30 minutes with a 100 microcurie phantom, 
or 3000 microcurie-minutes. Two negatives were exposed simultaneously, as in a dental packet. 
The two superimposed negatives should have given an image in 1500 microcurie-minutes. This, 
however, proved to be below the threshold of the film. Screen-type film and x-ray intensifier 
screens were tried, without significant improvement. With the intensifier screens, however, 
a visible thyroid image was produced in 1000 microcurie-minutes on Polaroid 3000 film. 

A comparison of I’* and I™ effects on the intensifier screen and Polaroid film will be 
shown. Other measurements indicated that the intensifier screen absorbs 4/5 of the I’® radia- 
tion for conversion into light. 

A more successful technique has been the use of a thin thallium-activated sodium iodide 
layer and Polaroid 3000 speed film. This arrangement produced an image in 700 microcurie- 
minutes. Polaroid film, rated at 10,000 speed, required between 200 and 300 microcurie- 
minutes for an image. This image detail showed up some imperfections in our sodium iodide 
layer, but there is a good indication that a grown and cut, optically clear sodium iodide crystal 
might well render much better resolution and detail than we have been able to obtain thus far. 

The sodium iodide layer employed consisted of pulverized commercial crystal. The par- 
ticles were suspended in a silicone fluid, 0.1 inch thick, 3 x 4 inches between two glass slide 
plates. It is somewhat self-absorbent to its own emitted light. By exposing our film on the same 
side of our Nal as the source, we were able to reduce some of the self-absorption. These con- 
ditions then produced a reasonable image in 120 microcurie-minutes. 

Attempts were made to increase the sensitivity and contrast by electronic display. A tele- 
vision test-pattern type of generator was used with a thyroid film. The signal is connected 
directly to the video amplifier of a commercial TV receiver. Results will be discussed. 


Pair-Labeled Antitumor Antibodies. Yasuo Yact, Pu.D. AND Davip PRESSMAN, 
Pu.D., (Roswell Park Memorial Institute, Buffalo, New York) 


Antibodies against a particular organ have been shown to localize preferentially into the 
same organ when injected intravenously. Such localization in vivo of antibody can be deter- 
mined readily by the use of radioactive iodine as a label, Iodine-131 was used in the past. 
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With normal organs, the localization values are rather constant from animal to animal, there- 
fore the comparison between antiserum globulin and normal serum globulin can be made 
easily by determining average values for two separate groups of animals. However, in search 
for tumor localizing antibodies, we have found that the localization in tumor is extremely 
variable even for normal serum globulin. The amount of localization from antibody prepara- 
tion above the localization of control normal globulin can be determined precisely by the pair 
labeling technique. Antiserum globulin was labeled with iodine-131 and normal serum globu- 
lin with iodine-125 (or vice versa). The two were mixed, injected into tumor-bearing animals, 
and the amounts of iodine-131 and iodine-125 in the tumors and other organs of the injected 
animals were determined with a double channel gamma-ray spectrometer. A computer pro- 
gram was developed to simplify the calculation of the results. Two antisera such as anti- 
hepatoma and antinormal liver, can be compared closely in the same manner. 

The method was applied to studies of antibodies against the N-fluorenyl-acetamide- in- 
duced rat hepatoma in vivo as well as in vitro. The results indicate that the rabbit anti- 
hepatoma serum contains some antibodies capable of localizing preferentially in tumor as well 
as those which also localize in normal liver. Such information would have been impossible 
to get without use of this technique, since the localization of control protein or antibody is un- 
predictably variable in different tumors of the same individual or even in different parts of 
individual tumors depending on vascularity, stage of development, etc. The technique should 
find particularly important application in studies of human tumors in the future. Iodine-125 
has completely displaced the short-lived isotopes, iodine-130 or iodine-133, which had been 
used in the past as a pair with iodine-131. Although these short-lived isotopes were difficult 
to handle because of their rapid decay, a triad labeling method with I’, I’ and I'* was 
used in our laboratory. Now the more practical triod of I'*, I and I™ is being developed. 

Iodine-125 found another important use in studies of antitumor antibodies. Because of 
its low energy Auger electron, it was used successfully for radioautography of tumor sections 
from animals injected with iodine-125 labeled antibody or control proteins. Thus, the sites 
of antibody localization in tumor could be determined at cellular level. The method is much 
more sensitive than fluorescent antibody technique. Moreover, the tissue sections are ob- 
tained by the regular histological technique (paraffin section) and are more suitable for his- 
tological examinations from frozen sections. 


Electron Microscopic Autoradiography of Bacteria Labeled With Iodine-125. 
Cart G. Harrorp, M.D. (Washington University School of Medicine, St. 
Louis, Missouri ) 


In recent years, most autoradiography of tissue sections or cultured cells has employed 
compounds labeled with tritium. One advantage of tritium is the low energy of the electrons 
it emits so that electrons that travel in directions that are not perpendicular to the plane of the 
section are apt to be absorbed before they reach the layer of emulsion. Iodine-125 has a simi- 
lar advantage in that its Auger and internal conversion electrons have low energies. More- 
over, the x-rays and gamma rays emitted by iodine-125 do not affect the emulsion in auto- 
radiographic preparations. At the present time, methods can be used in which autoradiography 
can be carried out under the electron microscope and we have used such techniques to de- 
termine whether autoradiography with iodine-125 would be comparable to that with tritium. 
This work was done with me by Doctor Nobuko Kuhn. 

Bacteria were used because they are small biological objects. They were labeled with 
iodine-125, fixed and sectioned for electron microscopy. The sections were coated with Ilford 
L4 emulsion by a technique devised by Caro in which the emulsion is taken up on a loop 
and allowed to gel before it is applied to the section. Bacteria labeled with tritiated thymidine 
were studied for comparison. In addition to an Eastman fine grain developer, we employed 
a developer devised by Caro which contains paraphenylene diamine and produces small rod- 
like grains. Counts were done to determine the percentage of grains that were over bacteria, 
and we found that preparations of iodine-125 and tritium were similar in that 86 percent of 


grains from iodine-125 were over bacteria while 71 percent of those from tritium were over 
bacteria. 
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This work indicates an accuracy of localization by iodine-125 that is at least as good as 
that of tritium, and we think that iodine-125 could be used in a variety of autoradiographic 
experiments. 

Reference: Kuhn, N. O. and Harford, C. G.: Science 141:355, 1963. 


The Use of Iodine-125 in Double Isotope Labeling Techniques for Metabolic 
Studies. Lester M. Levy, M.D. (Long Island Jewish Hospital, New Hyde 
Park, Long Island, New York) 


The availability of two isotopes of iodine, I’** and I", which can be measured readily 
and accurately simultaneously in the same sample now makes possible a great variety of studies 
in the evaluation of metabolic processes. 

As an example, a precursor can be tagged with one isotope and an end-product tagged 
with the other; both injected and followed over a period of time and the metabolic fate of 
both can be determined simultaneously under the same condition. If certain assumptions hold, 
the conversion of precursor to end-product can be quantitated. 

Another example exists in the assay of metabolically interesting substances. A tracer tagged 
with one of the isotopes is introduced into the sample and an extraction procedure is per- 
formed. Extraction need not be quantitative since the tracer permits calculation of yield. A sec- 
ond substance used in the actual assay is tagged with the second isotope and the assay is 
carried out uncomplicated by the presence of the first or yield indicating isotope. 

An illustration of this will be presented in a new method for assay of thyroxine. Biologic 
fluid tagged with thyroxine-I-125 (Volk) is extracted with absolute ethanol which gives an 
incomplete yield but is very convenient. This extraction is expoesd to triiodothyronine I'* 
tagged standard pooled serum and this is passed through a molecular sieve, Sephadex G25, 
which simultaneously separates protein and protein bound compound from smaller molecules 
and also adsorbs free aromatic amino acids such as thyroxine and triiodothyronine. This per- 
mits the determination of a percentage of both thyroxine (I'**) and triiodothyronine (I'*') 
which are bound to the specific binding proteins of the standard serum. Standards containing 
known amounts of thyroxine are run simultaneously and a curve constructed. From this the 
amount of thyroxine in the unknown biologic fluid can be measured. This procedure has been 
applied to several sera from patients with thyroidal diseases. The results were compared to 
clinical tests and chemical protein bound iodide I'” determinations and the method, while still 
preliminary, appears to afford interesting insights and new research leads to some of these dis- 
ease entities. 


The use of Iodine-125 for Determination of Transfer Rates of Proteins. W. R. 
Bruce, M.D., anp D. Mount, M.D. (The Ontario Cancer Institute, Toronto, 
Ontario, Canada) 


A technique for measuring the volume of plasma and the permeability of blood vessels 
to proteins in a specimen of rabbit skin in vivo has been developed by utilizing the unique 
properties of I’. Recordings of the radioactivity of a defined volume of skin were made 
following the injection of I’* labelled rabbit serum albumin. Autoradiographic studies of the 
distribution of the isotope suggested a two compartment model for interpreting the tracings. 
An application of this model yielded normal values of: plasma volume 0.07 ml/gm tissue, 
permeability 0.8 gms albumin transferred hr/gm albumin within the vessels. 

This technique has been used to examine changes of these parameters following a large 
acute local x-ray dose. Large easily measurable changes in both parameters were observed. 


The Utilization of Iodine-125 for Thyroid Scanning. N. Davw Cuarkes, M.D. 
(Albert Einstein Medical Center, Philadelphia, Pennsylvania ) 


Iodine-125 has been employed successfully for thyroid scanning at Albert Einstein Med- 
ical Center, Northern Division, and at present is used in preference to I™ for this purpose. 
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To date 275 patients have been scanned with I”. In 31 patients, I'** scans were performed 
for comparison. I” scanning advantages stem from the greater resolution obtainable from 
collimating the 27.4 kev Tellurium Ka-X-ray in comparison with the 364 kev I’ gamma 
photon. 

Comparison of pyramidal lobes photoscanned with both isotopes consistently revealed im- 
proved ability to demonstrate this anatomic variant with I'*. The pyramidal lobe was visual- 
ized in 7 of 72 patients without thyroid disease (9.7%) and in 14 of 37 patients with diffuse 
toxic goiter (38%). Eighteen of 74 patients with “cold” nodules had demonstrable pyramidal 
lobes (24.3%), but only 3 of 31 with functioning nodules (9.7%) and 2 of 21 with multinodular 
(colloid) goiter (9.5%), suggesting a possible association of neoplasia with the visualization 
of this anatomic variant. The incidence of demonstrable pyramidal lobes among 10 patients 
with thyroid carcinoma was 40% (4 of 10 patients). 

In some patients, cold nodules were better visualized with I'*. In no cases were I'* 
scans of cold nodules superior. 

Because of marked attenuation of the 27.4 kev X-ray by overlying bone, I'® scans of 
substernal nodules were inferior to those produced by I’. 

I'’* may be used for thyroid scanning in conjunction with I’ uptake studies. A pulse 
height analyzer is not needed to perform the uptake. 

A particular advantage of I'* is its use with I’ in evaluation of the suppressive action 
of 1-triiodothyronine (T-3, Cytomel®) on functioning (warm or hot) thyroid nodules. Twenty- 
six such nodules were studied. In two of these patients, both euthyroid, unsuspected autono- 
mous adenomas were found. In two patients with thyrotoxicosis, dominant nodules were shown 
to be non-suppressible hyperplastic tissue in a diffuse toxic goiter. By using both isotopes, 
the study can be completed in five days, and results can be quantitated. Previously, when 
I'** was used exclusively, either an excessive radiation dose was given or the study had to be 
extended over weeks or months, and the degree of suppression could not be quantitated. 

I'’* can also be used in conjunction with I" in studies of TSH responsiveness. 

Since these studies can be carried out with a lower radiation dose to the thyroid, I'* is 
preferable to I’ for routine thyroid scanning. 


Clinical Application of I'?>-Labeled Albumin.’ Joun A. WitutaMs, M.D.? (Har- 
vard Medical School and Beth Israel Hospital, Boston, Massachusetts ) 


Because of its unusual radiation characteristics iodine-125 has a number of advantages 
over iodine-131 as an albumin label for measurements of plasma (and blood) volume. 
Parallel studies have revealed that I’*-albumin and I" albumin have the same in vivo 
distribution space, and that prepared tracer doses of each appear to retain their chemical in- 
tegrity and biologic acceptability for at least three radiation half-lives. For I'*-albumin this 
means 24 days, while for I'*-albumin preliminary data indicate that the useful shelf-life 
may be in excess of 180 days. Tracer doses of I'”-albumin prepared from 6 months old stock 
solutions (stored at 4 degrees Centigrade) have yielded the same value for plasma volume as 
fresh doses of I‘*'-albumin. 

The high efficiency with which I** can be counted in vitro by thin-cased sodium iodide 
detectors permits studies of plasma volume with smaller amounts of injected radioactivity 
(0.5 to 2.5 microcuries) than are generally necessary with I*-albumin (1 to 5 microcuries), 
assuming equal sample volumes and counting times for the two tracer studies. Irradiation 
dosage to the patient when I'*-albumin is used is further reduced by the fact that most of 
the I’ released from its protein bonding in the course of normal catabolic processes is ex- 
creted before it has a chance to decay, whereas most of an injected dose of I" (as I'*- 
albumin) decays in vivo. 


This study was aided by a grant from the United States Public Health Service, National 
Heart Institute (H5547). 

*Associate in Surgery, Harvard Medical School; Associate Visiting Surgeon and Assoc. 
in Surg. Research, Beth Israel Hosp., Boston. 
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Simultaneous determinations of red cell volume (RV) with Cr-51l-tagged RBC and 
plasma volume (PV) with I'*-albumin can be made without a spectrometer. Measured tracer 
doses of Cr-51-RBC (10-50 micro-curies) and I‘*-albumin are injected intravenously, and 
“postmix” samples of blood are drawn 10 to 20 minutes later. In an instrument such as the 
Volemetron, calibrated to yield direct readings of dilution volumes for both Cr and I, 
stainless steel sleeves (35 mils thick) interposed between the whole blood samples and the 
scintillation crystals prevent the soft (0.027 mev) photons from the I present in the plasma 
from influencing the assay of Cr-51-RBC dilution. Without the sleeves, determination of 
the I’*-albumin dilution can be made directly on samples of plasma from the whole blood 
specimens. Absorption of some of the soft I'* radiations occurs within the plasma itself (self- 
absorption), and counting efficiency will, therefore, vary to a certain extent depending on 
sample geometry. Rigid standardization of sample tube dimensions as well as an exceptionally 
stable high voltage supply and discriminator level, are essential for accurate, reproducible 
plasma volume measurements with this tracer. An additional requirement is that the plasma 
contain no Cr", which, if present, would give rise to spuriously high plasma counting rates. 
To obviate this the Cr'-RBC doses used must be carefully prepared by repeated saline rins- 
ings to remove all Cr™ not firmly bound within the red cells. Hemolysis, a potential source of 
contamination of plasma with Cr*', can be avoided by careful handling of the blood specimens. 
If hemolysis does occur, the contribution of the contaminating Cr to the plasma specific ac- 
tivity can be determined by counting the plasma sample with and without an interposed 
metal absorber. 


Iodine-125 Labeled Diiodofluorescein in the Diagnosis of Intraocular Tumor! 
Frank W. Newe tt, M.D., (Department of Surgery, Ophthalmology Uni- 
versity of Chicago, Illinois ) 


The use of radioactive isotopes as an ancillary tool in the diagnosis of intraocular and 
intraorbital tumors is of unusual value because of the inability, in many instances, to secure 
tissue for histologic study without destroying the eye. Phosphorus-32 has been widely used 
in the study of ocular lesions but because of the limited penetration of beta particles it is of 
value mainly in lesions of the anterior portion of the eye where an accuracy of approximately 
95 percent is obtained, provided the eye has not been the site of recent surgery. Additionally, 
small tumors of the iris may give rise to false negatives. Gamma emitters have not been of 
value in ocular diagnosis because the radioactivity arising from intracranial circulation ob- 
scures any special concentration in the eye. 

Iodine-125, with its limited half-tissue depth, is thus of considerable theoretic value as an 
isotope to be used as an adjunct for the diagnosis of intraocular tumors. Radioactive iodine-125 
conjugated to diiodofluorescein, which was first described by Moore as a diagnostic aid in 
brain tumors, using an iodine-131 label, has been used. It has been administered in a dosage 
of 5 microcuries per kilogram of body weight (sp. activity 1 mc/17 mg). Counts are carried 
out eight hours later over each eye and a 20 per cent difference between the two eyes is con- 
sidered significant. 

In 24 patients with clinically nonmalignant lesions (which were not studied histologically) 
there were no false positive tests and the maximum difference between the two eyes was 13 
percent. In 22 patients with histologically confirmed intraocular and intraorbital lesions there 
were six false negatives and no false positives. This is a diagnostic accuracy of 73 per cent, 
roughly comparable to that seen in all types of brain tumors, using the same compound with 
an iodine-131 label. Four out of 13 patients with malignant melanoma of the choroid had 
false negatives. In two of these patients chromatography of the diiodofluorescein after the 
test indicated that all of the radioactive label was not bound to the compound. One of four 
patients with retinoblastomas had a false negative. 


*This investigation has been supported in part by Research Grant NB 03216 and by Pro- 
gram Project Grant B-3358 from the National Institute of Neurological Diseases and Blindness 
of the National Institutes of Health, Public Health Service. 





ABSTRACTS OF CENTRAL CHAPTER MEETING 315 


It should be emphasized that when the questionable lesion is in the anterior segment of 
the eye the use of phosphorus-32 is superior to iodine-125. This, however, appears to be the 
isotope of choice in posterior lesions. There are a number of other agents to which iodine-125 
may be conjugated and may prove to be more satisfactory than diiodofluorescein. 


The Use of Iodine-125 in Diagnostic Urology. CuesteR C. Winter, M.D. (The 
Ohio State University Hospitals, Columbus, Ohio ) 


Sodium ortho-iodo-hippurate (Hippuran®), secreted almost exclusively by the renal 
tubules, serves to measure renal blood flow as well.(1) Its iodine atom is exchangeable with 
either I'* or I’*, making it a choice radioactive test agent in diagnostic urology.(2) The 
practical advantages of I'** over I'** are: 1) longer shelf-life, 2) greater safety to personnel 
and patient, 3) applicability of less bulky and more portable equipment, and 4) greater 
directionality of its photons. These advantages are directly attributable to the low voltages 
of the x- and gamma rays of I’** (27 to 35 kev) and absence of beta particle emission. (3) 

The urologic procedures beneficially utilizing Hippuran-I’ as the testing medium are: 
1) the radioisotope renogram, (4, 9) 2) the radioisotope blood-kidney clearance test, (5) 3) the 
radioisotope uroflometry test, (6) 4) the radioisotope bladder residual test, (6) 5) the radio- 
isotope vesicoureteral reflux test, (7) 6) the radioisotope individual and total renal excretion 
tests, (8) 7) the radioisotope individual and total renal clearance tests, (9) and 8) the radio- 
isotope kidney roentgenogram. (10) 

Standard renography equipment is modified when I'* is used by the reduction of the 
thickness of the scintillation crystal to 2 mm. Collimators are of brass instead of lead with 
marked reduction in their weight and size. Tr: nsistorized scintillation counters and ratemeters 
are additional features that make the equipment easily portable and less bulky. These forti- 
tous improvements make renography more adaptable to seriously ill patients confined to bed, 
and to small children. 

The attractive features of I'* are lessened somewhat when small scintillation crystals and 
multiplier phototubes are used with a resultant increase in “electronic noise” in the absence 
of a discriminator. Likewise, an increased background count rate is due to the use of less 
dense collimators. And finally, there is more difficulty encountered with voltage regulation 
of the ratemeter. Application of optimal crystal and probe size and circuitry should reduce 
these problems. The equipment modifications for I’* increase the cost, but reduced isotope 
shipping charges and a less frequent purchase schedule are compensating factors. It appears 
that difficulty in producing uncontaminated strong point sources of I'* has daleyed the wide- 
spread use of this radioisotope in roentgenography. 

The renogram measures vascular capacity, tubular function and evacuation ability of 
the kidney. Renography is useful as a screening test, especially for renal hypertension, and is 
valuable in serial appraisals of renal disorders and during surgical procedures on the kidney. (11) 
While renography is in progress, a third probe placed against the chest makes possible the 
production of a curve that records the isotope level in the systemic blood and serves to 
measure total renal function; this procedute is a useful adjunct to renography of the indi- 
vidual kidney. 

At the conclusion of a renogram there is generally enough radioactive urine in the bladder 
to give a high count rate so that radioisotope uroflometry can be carried out. With the patient 
sitting or standing, a probe is placed posteriorly over the bladder and the subject is instructed 
to void. The recorder speed is increased to six inches per minute and maximal as well as 
average flow rates are depicted and computed. The test also reveals bladder residual. 

The vesico-ureteral reflux test is carried out by placing a scintillation probe over each 
kidney with the patient lying supine. A small dose of hippuran-I’* is placed in the bladder 
which is then filled with saline. A continuous recording will detect any isotope reaching the 
kidney. The standard roentgenographic method for this purpose has the disadvantages of in- 
termittent films and a larger dosage of irradiation. 

The radioisotope renal excretion test is performed by the intravenous inoculation of a 
known amount of Hippuran-I*. The percentage of the inoculum collected in the bladder 
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during a period of time is an index of total renal function. If urine is collected from each kidney 
through ureteral catheters, an individual renal test is made available. When a continuous 
infusion of Hippuran-I’® is given to maintain a steady and low blood level, renal clearance 
studies indicative of renal blood flow or tubular functional capacity can be computed. 

Kidney roentgenograms are made with I’* by placing a strong point source on one side 
of the kidney and a small malleable cassette containing a non-screen film on the other side. 
A 2- or 3-second exposure produces satisfactory pictures of kidney stones during surgery. 
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TO THE EDITOR: 


We believe the characteristics of Hg’ listed by Dr. Bruce Sodee (Letter to the Editor, 
J. Nuc. Med. 5:74-75, 1964) to be enough in error to require some clarification. The errors 
arise 1. from certain faulty information furnished to Dr. Sodee by one of us (C.C.H.), 2. 
mistakes in interpretation of the Hg’” decay scheme, and a dropped word in the letter. 

We compute the average “beta energy,” Ep per disintegration to be 77.3 kev. This is 
almost exactly what Dr. Sodee gets, although it is not readily apparent from his letter. It should 
read “144 ‘beta particles’ with an average energy of 54.4 kev per 100 disintegrations.” We get 
I, specific gamma-ray emission, to be 0.35 compared with 0.48, and arrived at a different 
number of photons in the 67 to 78 kev region. 

Generally the decay scheme is well known, but only recently has the total photon (x-ray 
and gamma) yield been satisfactorily settled (1). Mercury-197 decays by electron capture, 
(98.3% in a 420 kev transition, and 1.7% in a 230 kev transition) but it cannot be assumed (as 
did Dr. Sodee) that it is all K capture. We have found no reported experimental values for 


L 
the ratio of L to K captures, but theory (2) predicts that about 18% - = .215) of these 


captures result in L- instead of K-shell vacancies. This causes our total K x-rays to be different 
from Dr. Sodee’s. 

The critical item in the analysis of the decay of Hg’ is the conversion ratio of the 77.3 
kev gamma ray. It now appears that the value for a, of 2.3 furnished to Dr. Sodee by us, 
though the best value at the time, was in error. The currently accepted value is a, = 33 
(L/MN = 3.6., a = 4.2) (1). It appears that perhaps the incorrect values occurred because of 
improper estimation of K, x-rays by some investigators. The difficulty arises because the K, 
x-rays (occurring when a K-shell vacancy is filled by an electron from an M shell instead of an 
L shell) in this situation have an energy almost identical with the 77.3 kev gamma ray. This 
may appear to be a trivial point but is not, because most of the internal dose is due to con- 
version electrons from the 77.3 kev gamma ray. Clarification of this confused situation is there- 
fore desirable. 

Information on relative abundances of K_ and K, x-rays is not plentiful, but study of avail- 
able references (3,4) and analysis of scintillation spectra provided by D. A. Ross of our group 
leads us to believe that the following is reasonable to assume: (relative abundances per 100 
K shell vacancies ) 

(K-L,, 2 68.8 kev — 48 
wae, thea 8 67 kev—24 
mi (K-M,, ae 78 kev—19 
Kp, (K-M,.), 77.1 kev.— 9 


al 


Using these figures, the corrected conversion coefficients for the gamma rays, and the 
L/K ratio noted, we arrived at the following schedule of photons per 100 disintegrations of 
Hg": (L and lower-order x-rays are ignored, to be later grouped in with “particles” ). 

57 68 kev K, x-rays 

22 77.8 kev K, x-rays 

19 77.3 kev gamma rays 

98 Total photons, 67-78 kev region (plus 0.5 191 kev 
gamma rays). These are the “countable” photons for assay and those that must be considered 
in gamma dosimetry. 

Considering the L x-rays (average binding energy for shell, 12.6 kev), M, N and lower 
order x-rays as particles absorbed on-site, along with Auger and conversion electrons, is quite 
reasonable. The major L x-rays are 9.7 and 11.4 kev. The major part of the dose comes from 
conversion electrons from the 77.3 gamma ray; the next largest fraction results from the 146 L 
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shell vacancies per 100 disintegrations. Tabulation of these “particles” yields an average “beta” 
energy per disintegration, E,, of 77.3 kev. Using our schedule of photons, we find I, (specific 
gamma-ray emission) to be 0.35. This is in agreement with the value by Mann (5). We, 
therefore, believe these values valid for correction of the dosimetry stated by Dr. Sodee. 

It should also be pointed out that our “schedule of photons” agrees with that used by the 
major suppliers of Hg”. This assay now seems to be standardized, eliminating the confusion 
of the past. 


We believe this analysis to be as correct as present literature will support and apologize 
to Dr. Sodee for any embarrassment caused by his use of the erroneous values. 


C. Craic Harris 
MeEpIcAL NUCLEAR INSTRUMENTATION GROUP 
Oak RipcE NATIONAL LABORATORY 


Rosert H. RoHRER, EMORY UNIVERSITY 
CONSULTANT TO MEDICAL NuCLEAR INstrR. Group 
Oak RipcE NATIONAL LABORATORY 
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TO THE EDITOR: 


In his Letter to the Editor in the January Journal of Nuclear Medicine Dr. Sodee states, 
“In clinical scanning Hg“ Neohydrin has proved to be far superior to other available radio- 
nuclides”. The only data cited supporting this claim are “. . . the tissue to background ratio 
has been increased to a factor of 2.7 as opposed to the Hg™ ratio of 1.7. This can be explained 
by Hg"”’s ease of collimation, increased number of usable photons per disintegration and the 
increased efficiency of our sodium iodide crystals at this lower engery.” 


< 


The exact meaning of Sodee’s “. . . tissue to background ratio” is not clear but judging by 
the explanations offered it involves a higher count from Hg’ than from Hg under compar- 
able conditions. This improved ratio cannot come from “. . . Hg"”’s ease of collimation.” The 
popular 19 and 37 hole 3” lead collimators are grossly overdesigned for both Hg and Hg™ 
with septa and walls essentially opaque to the .28 MeV y rays of Hg**. Sodee’s other explana- 
tions are qualitatively correct but quantitatively inadequate to explain such a marked improve- 
ment. The best current estimates are that Hg’ provides 98 usable photons per 100 disintegra- 
tions and Hg™ 83 usable photons. The photopeak efficiencies of the standard 3” x 2” crystal, 
75-80% for Hg™* and about 90% for Hg™”’, also favor Hg”. However, any modest increase in 
count rate from these sources is more than compensated by the poor tissue penetration of the 
weak Hg™ ¥ rays. This is especially true in brain scanning where deep-seated lesions must be 
visualized through overlying normal brain tissue and the calvarium. 

There is an important source of increased count rate not mentioned in Sodee’s letter. It is 
the unwanted counts originating outside of the field of view of the collimator but reaching the 
crystal by scatter with little or no energy loss and by x-ray exitation in the collimator walls. 
Harris et. al. (J. Nuclear Med. 4, 183 (1963)) have pointed out the degradation of scan 
images by the smearing effect of these unwanted photons. In our own laboratory, studies with 
the International Atomic Energy Agency Standard Scanning Phantom indicate poor visualiza- 
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tion with Hg™ compared to Hg™ for both surface and deep “tumors”. The scatter problem is 
a serious drawback in the utilization of low y ray energy isotopes in scanning. 

It is possible that Sodee’s “. . . tissue to background ratio” refers to the count rate over a 
lesion compared to normal brain background (usually called target:non-target ratio). Colli- 
mator design, tumor size and location, radioactivity level, etc. all effect target:non-target ratio. 
Without experimental details it is difficult to evaluate an improvement from 1.7 to 2.7 when 
using Hg™ instead of Hg™*. It is possible that large surface lesions would give rise to better 
target:non-target ratios because of the attenuation of Hg™ radiation coming from deeper brain 
layers but conversely this implies that deep lesions would be difficult to visualize. In general, 
our laboratory studies indicate that the target:non-target ratios with Hg’ are worse than with 
Hg™. 

Because of its short half-life, the radiation dose from Hg™ is distinctly lower than from 
Hg. This permits higher scanning doses. When routine scanning equipment is used (as op- 
posed to collimators and crystals specifically designed for low energy isotopes) this is the only 
advantage of Hg”. The other physical properties of the isotope are detrimental to good scan- 
ning. Each investigator must weigh these factors for himself. In our opinion the improved 
ability to detect small deep-seated lesions more than compensates for the high radiation dose 
from Hg™. 

No doubt Hg™ Neohydrin will be replaced by better brain scanning agents in the near 
future. There are many possible compounds with a wide variety of physical and biological 
properties. It would be a shame to settle for an agent with the deficiencies of Hg’ Neohydrin. 


Monte Biau, Pu. D. 

MERRILL A. BENDER, M. D. 
DEPARTMENT OF NUCLEAR MEDICINE 
ROSWELL ParK MEMORIAL INSTITUTE 
BuFFALo 3, NEw York 


TO THE EDITOR: 


In his paper entitled “The Use of a Modified Radioactive Test for Evaluating the Periph- 
eral Circulation” which appeared in the Journal, May 1963 pp 244-248 Dr. Razzak suggests 
that the areas under the uptake curves be calculated according to the formula: 


Area = Ny (t — 0.69 T;) 


where Ny is the level of activity at 10 minutes, t equals 10 minutes, and T,, is the time to 
reach one half of the plateau activity. The same formula is repeated in the legend of Fig. 1. 
According to the author this equation was derived by integrating 


N= Nr (1- et) 


The author’s result is erroneous. The correct result of the integration is 


T; 
Area = Ny [{t— +) 
0.69 


The author Dr. Razzak agrees with this observation. He states, “This does not entail any 
other correction in the numerical figures given in the paper.” 


Oscar Kanner, M.D. 
V.A. HospiraL, OTEEN, N.C. 


Editor 


TO THE EDITOR: 


Reference is made to the method of extrapolation of precordial counting curves as sug- 
gested by Gorten and Hughes (1). I agree that a semilog replot of the downslop of the pri- 
mary circulation curve is tedious, and that direct extrapolation of the original curve by visual 
inspection, with or without the aid of a French curve is, as they said, “not considered to furnish 
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the accuracy or consistency commensurate with the other parts of the technic.” They propose, 
instead, the use of a set of exponential curves in order to achieve the requisite accuracy, while 
at the same time eliminating the tedium. 

I should like to point out that a method exists for mathematically determining the area 
under the extrapolated portion of the curve, without actually performing the extrapolation, 
thereby obviating the need for any of the aforementioned techniques. The total area under 


the precordial counting curve for the first circulation may be used to determine the mean time 
of the first circulation of indicator by (Fig. 1): 
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Fig. 1. Diagrammatic representation of a precordial counting curve. Typical curve, solid line; 
ideal curve, broken line. R, is background count rate, R, is count rate at apex of ideal 
curve. The points R,,t, and R,,t, are arbitrarily selected and define the boundaries be- 
tween A, and A, and between A, and A,, respectively. C, represents the height of the 
curve after distribution of indicator in the blood volume. 


This method was described by Zipf, et al. (2); using their notation, the area under the 
extrapolated portion of the curve, A, is given by: 


(Rs — Ro) 


— 
(Re — Rs) 


2 





LETTERS TO THE EDITOR 


and the total area of the primary circulation curve is given by 


i 


*(Re— Rs) 


The derivation of these expressions, in somewhat more detail than was presented by Zipf, 
et al. (2) is appended hereto. 


Av=Ai+A 


This method involves the planimetric measurement of two areas (A, and A,) instead of 
one (A, plus A,). As this can accurately be accomplished to the tenth of a square inch or better 


within a minute or two, I feel that this method meets the requirements of Gorten and Hughes 
without the need for a set of exponential curves. 


MartTI1n L. NusyNow!1z, CAPTAIN, MC, USA 


WALTER REED ARMY MEDICAL CENTER, WASHINGTON, D.C. 
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Appendix 


The equation for the downslope of the ideal curve, considering it to be exponential in 
form is: 


(1) (R — Ro) = (Ri— Ro) e “A> tp 


The total area under the ideal curve is then 


is Gk 
At = (R— Ro) dt = (Ri— Ro) dt 
ti 


1 


Multiplying EQ. (2) by —— we have 
— Xr 


co 


e~A%— 4%) (— dr) dt 


a* 
Now fx dx = ——+ C 


Ina 
if we let a= e and x = —X(t — t) 


then dx = — dAdt 


— (Ri— Ro) F =Kt= ) © 
At = Ine 


tr 
which reduces to 
Ri— Ro 


So that 





r 


by similar reasoning 


Re— Ro 
Ao+ A3= 
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R;— Ro 
and A; = ———— 


r 


Solving equations (4) and (5) simultaneously 
Re— Rs 


A; = ———— 


Substituting EQ. (7) into EQ. (5) 
(Rs — Ro) 


_ fio 


A;= 
(Re — Rs) 


Since At = Ai + Ao a A3 


Then Ay= Ai+ Ac+ Ag 
(Re — Rs) 


1+ Rs— Ro 
Or Av=Ait As —_—— 
Ro i 3 
R2— Rs; R;— Ro 
At = Ai + As + 


Which reduces to 
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CURRENT INTERPRETATION OF THE SODIUM IODOHIPPURATE 
['3t RENOCYSTOGRAM. 


Dore, E. K., Tapiiy, G. V. AND JoHNsON, D.E., J. A. M. A. 185:925, (Sept. 21) 1963 


The purpose of this paper is to develop a more accurate knowledge of the elements that 
make up each of the three segments of the radioisotope renogram, and then to apply names 
which more nearly correspond to what each segment truly represents. The original descriptions 
were “vascular” for the rapidly rising first phase, “tubular” for the slower rising second phase 
and “excretion” for the downgoing third phase. It has been clear from the start that these 
specific names—especially the first two—were inaccurate representations of the serial occurrences 
of the renogram. 

The authors present a commendable series of studies which analyze the segments more 
precisely than heretofore, after which they re-name them as “tracer appearance”, “blood flow” 
and “drainage”. The suggested names for the first and third segments amount to making 
them less specific while at the same time describing them usefully: “tracer appearance” is 
indeed nonspecific, and “drainage” is probably a better name than “excretion” since the latter 
is a well-defined term in kidney physiology having a different meaning. The most controversial 
of the proposed changes is the replacement of the partially inaccurate specific term “tubular” 
by a better, but still inaccurate, term “blood flow”. 

If descriptive names for these segments are necessary, perhaps they should be sufficiently 
nonspecific so that future changes need not be made when we have an even more precise 
understanding of the elements which go into their formation. 


Abstracted by Robert A. Nordyke, M.D., Straub Clinic, Honolulu. 
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BOOK REVIEWS 


SHILLING, CHARLES WESLEY: Atomic Energy Encyclopedia in the Life Sciences (Philadelphia- 
London: W. B. Saunders Company, 1964) 


Charles Wesley Shilling, M.D., D.Sc. is the Editor and Principal Contributor to this book. 
He was assisted by Mirian Teed Shilling, M.A. and an Advisory Committee composed of eight 
eminent scientists. Of the eight persons listed, three are physicians. In addition, a considerable 
number of physicians contributed material related to their special field of interest. The volume 
was prepared under the auspices of the Division of Technical Information of the United States 
Atomic Energy Commission. 

This book, The Atomic Energy Encyclopedia, is a unique arrangement of a tremendous 
amount of information related to the total subject of nuclear energy. It is somewhat less com- 
prehensive than an orthodox encyclopedia but a great deal more detailed than a dictionary, 
although it fills some of the latter functions. Actually it is best described as a source book, a 
description which exactly fits its contents. 

A reviewer cannot report on this book after the method used for a general text-book or 
a monograph. The book is best reviewed from the viewpoint of its construction. The material 
is arranged on the basis of fifteen broad topics identified as radiation physics, elements and 
radioisotopes, radiation biology, genetic effects, somatic effects, health physics and therapy, 
radiation accidents, uses of radioisotopes, means of protection, contaminations, waste disposal, 
instrumentation used in detection, the principles of accelerators and nuclear reactors, atomic 
weapons and organizational matters. 

Within these fifteen broad topics, some 1200 individual items are selected and arranged 
in alphabetical order. The topics cover very nearly every concept and application of isotopes 
and radioactivity that would be of likely interest to a clinician, biologist or laboratory worker. 
An important featue of the book for a physician is that it is not heavily charged with mathe- 
matics. 

The writing is lucid, easily read and well illustrated. A useful feature of the format is an 
index which appears in the front of the book and serves both as an outline of the subject 
matter and an index thereof. 

Discussion of subjects is sufficiently complete to satisfy the purposes for which the book 
was written. Not many books of this kind have appeared in the Ameriran literature on this 
subject. Although it has its more technical moments, this book is not designed primarily for 
research reference or as a text for one who seeks a highly specialized treatise on the facts and 
principles of nuclear energy. For the practising physician, biologist or laboratory technologist 
the book has great value and is highly recommended. Atomic Energy Encyclopedia in the Life 
Sciences is exceptionally well done. 

Tuap P. Sears. M.D. 





President's Letter 


THAD P. SEARS, M.D., F.A.C.P. 


May, 1964 


Presented herewith is the Convention Number of the Journal of Nuclear Medicine. The 
scientific program is constructed in a well ordered manner, consisting of early morning in- 
prec val courses given in groups of five, followed by original papers presented in single 
sessions until noon. 


The Thursday and Friday afternoon sessions utilize the well thought of system of panel 
discussions at an advanced level. Two panels will be introduced on each of the two days. The 
pane teams, made up of five men each, have been selected with great care. The traditional 
uistorical series lecture will be given on Friday afternoon by Norman Hilberry, Ph.D. The 
honored scientist will be Lord Rutherford. 


The Saturday afternoon sessions are an innovation not previously attempted by this So- 
ciety. As judged by the number of abstracts submitted and somewhat to our amazement, the 
works-in-progress sessions have proved to be highly popular. So many good papers were 
offered that the committee had to come to dual sessions and even so not all authors could 
be accommodated. 


Like all of you, I have attended many scientific meetings. But until one watches the 
development of a National program he may fail to appreciate the incredible amount of labor 
and attention to details that its elaboration requires. A format must first be determined. Then 
follows many committee meetings, the interchange of hundreds of letters, the review of many 
more papers than can possibly be used. Exhibits must be managed, programs and abstract 
books prepared and finally all activities must be coordinated in the offce of the Administrator. 
Preparation of the 1964 meeting has required the better part of two years. 


Not the least of the problems is the selection of an official hotel. In the case of the 1964 
meeting, some members may ask why a hotel was selected that is a little isolated from down- 
town San Francisco. 


This decision involved many items of discussion. First was the item of expense. Both for 
the members and for the Society, any hotel in central San Francisco in which the Society 
would be interested quotes prices for rooms and meals that are very high. High fees are asked 
for the use of exhibit space, assembly rooms and public address systems. Furthermore, our 
commitment with the new Hilton Hotel was rendered insecure after the announcement that 
construction might not be complete by June. Meantime, the A.M.A. had pretty much frozen 
the hotel facilities of the area for their meeting which immediately follows ours. 


Our officers added up these circumstances to conclude that members come to Society 
meetings to gain the stimulus of a good scientific program. They want to be comfortable with- 
out excessive cost; but the crome and luxury of a recently constructed building is not the 
primary need. The Claremont provides ample space, a pleasant location, pats meeting 
rooms, a splendid swimming pool, handsome flower gardens and a beautiful banquet room. 
And I can assure you on the excellency of the scientific program; no one is going to top us 
in this regard. 


The social program has been very well planned and the women’s scientific program will 
be presented by experts. 


When you arrive, come on up to the president’s quarters. Mrs. Sears and I have a potent 
potion to sooth all the ills of travel. 
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PROGRAM FORMAT 


Refresher Courses: 


A 75-minute summary of what is known and fairly well accepted in a limited 
phase of nuclear medicine. No “new” material will be presented. The instructors 
presuppose no preliminary training. Limited to about 30 students for each course. 


Advanced Panels: 


Subjects of current interest but involving material controversial and not gen- 
erally accepted. Considerable preliminary training is expected. This is material 
the chairmen think might, in ten years, be a part of a refresher course. 


Scientific Papers: 


Original investigations not previously reported but representing considered 
judgment. Six sessions: three diagnostic, one therapeutic, one preclinical and one 
radiobiological. There are no simultaneous presentations. 


Work-In-Progress Sessions: 


Time is available for shorter papers on original scientific investigations not 
yet matured. In the best sense, these are a kind of preliminary report. For both 
scientific and work-in-progress sessions, while not restricted, preference is given 
to members and their students. 


Women’s Scientific Program: 


In addition to a women’s program that will be separately announced, there 
will be a scientific program which will attempt to summarize in lay language the 
field of nuclear medicine. The program is directed towards the wives of members 
who may not have any scientific background. 


Scientific Exhibits: 
Scientific exhibitors will present material that is more adaptable to visual 
than to auditory presentation. 


Commercial Exhibits: 


Much nuclear medicine depends upon the quality of the materials and instru- 
ments available. Commercial exhibitors have been requested to emphasize the 
“information” aspects of what they are prepared to offer for sale. 
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WEDNESDAY, JUNE 17, 1964 
For Officers, Boards And Committees 
9:-12:00 NOON Combined Executive Committee And Board Of Trustees Meet- 


LUNCH 


1:30- 2:00 PM 


1:30- 2:00 PM 


2:00- 5:00 PM 


2:00 PM 


8:00 PM 


8:00 PM 


8:00 PM 


ting—Lanai Room #3 
Tuap P. Sears, President 


Executive Committee And Board Of Trustees Luncheon Meet- 
ing—Lanals #1 ANp 2 


Membership Committee—ExercuTivE Room 
J. R. MAxFIELD, Jr., Chairman 


Membership Committee—ExecuTiveE Room 
Wo. H. Bererwa tes, Chairman 


Continuation-Combined Executive Committee And Board Of 
Trustees Meeting—Lanatr Room #3 
Tuan P. Sears, President 


Registration Desk Open—Corat Room 
Register For All Meetings And Exhibits 


Program Committee Meeting—Stupy A 
MarsHALL Brucer, Chairman 


Local Arrangements Committee Meeting—Stupy B 
GLENN SHELINE, Chairman 


Other Committee Meetings—At Call Of The Chairman 


Past Presidents’ Council Meeting At Call Of The Chairman. 


THURSDAY, JUNE 18, 1964 
7:30 AM-8:45 AM. Refresher Courses. 


Room 
A-1 *Thyroid Function Studies. Wo. BEIERWALTES Study A 
A-2, Radiation Safety. RosaLyn YALOW Study B 
A-3. Radioisotope Physics. Rosert ROHRER Study C 
A-4, Problems of Scanning. Craic Harris Study D 
A-5. Effects Of Radioactivity Upon Miriam FINKEL Study E 


Mammalian Organism. 


(Ervin Kaptan, Chairman) 


*Serial numbers (A-1, T-2, etc.) refer to abstracts which are printed in the Abstract Book 


and in the May 1964 issue of the JourNaL oF NucLEAR MEDICINE. 
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THURSDAY, JUNE 18, 1964 
DIAGNOSTIC SESSIONS—SCANNING 


Chairman, THoMas CarLILE 
EMPIRE ROOM 
- 1.* 9:00 AM Detection Of Occult Bone Metastases By Photoscanning With 
Radiostrontium. 


Davw M. Sxiarorr, M. D. Cuarkes and J. GersHon- 
COHEN. 





9:15 AM Chlormerodrin Scintiencephaloscanning For The Detection 
And Localization Of Non-Neoplastic Intercranial Disease. 
Rosert T. Morrison, A. K. Arirt, M. W. VAN ALLEN and 
T. C, Evans 


9:30 AM_ The Diagnosis Of Pulmonary Embolism By Radioisotope Scan- 
ning. 
Henry N. Wacner, Jr., D. C. Sasiston and M. Ito. 








9:45 AM Topographic Distribution Of Amoebic Abscess Studied By 
Liver Scanning. 
A. Cuaron, B. SepuLveDA and L., L. Lanpa. (Mexico) 


- 5. 10:00 AM A New Organ Scan Display In Polaroid Color. 
Rapu Apams and H. L. JAFFE. 


6. 10:15 AM Abnormalities Of Distribution Of Marrow Shown With Fe*” 
And The Positron Scintillation Camera. 
Dona.p VAN Dyke and H. ANGER. 


10:30-10:45 AM INTERMISSION. Scientific And Technical Exhibits. 








THURSDAY, JUNE 18, 1964 
DIAGNOSTIC SESSIONS—DISEASES 


Chairman, Asa SEEDS 


EMPIRE ROOM 


T- 7. 10:45 AM Determination of Amino Acid Active Transport Into Tissue 
Cells. 
W. J. HeNverson, E. N. Bowser and G. A. WiLLiAMs. 


T- 8. 11:00 AM Radiometric Ultra-Microanalysis. 
Oscar KANNER. 


T- 9. 11:15 AM _ Radioactive Colloidal Gold Measurements Of Lymph Flow In 
The Extremities. 
Haro tp H. Sace, B. K. Sinna, D. Kizimay and R. Touton. 
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T-10. 11:30 AM Thyroid Uptake In Studies Using Various I'*! Labeled Prep- 
arations. 
Y. Wane. 


T-ll. 11:45 AM Studies With Radioactive Copper In Patients With Wilson’s 
Disease and Their Relatives. 
W. NeEwLon Tavuxe, N. P. Goxpstern, Assisted by Doro- 
THY JENKINS, M.T. and Vircinia STELLMACHER, M.T. 


T-12. 12:00 M C'4 Glucose Kinetics In Diabetes And Acromegaly. 
E. Manovucian, M. Pottiycove, J. A. Linroor and J. H. 
LAWRENCE. 


12:15 AM To 2:00 P.M. LUNCHEON-RECESS 








THURSDAY, JUNE 18, 1964 


PANEL ON SIDE EFFECTS 


2:00 PM-3:30 PM 
Moderator, NoRMAN SIMON 


EMPIRE ROOM 


P-1 2:00 PM To 3:30 PM 
H. J. MuLLER—Genetic Effects Of Radiation. 
Cart F. TessMer—Radiation And Carcinogenesis. 
Hucu F. Henry—Aging Effects Of Radiation Exposure. 
NorMAn Simon—Leukemia Following Irradiation. 
MarRsHALL Brucer—Radiation Ain’t As Evil As You Think. 
3:30-3:45 PM INTERMISSION Scientific And Technical Exhibits. 


PANEL ON DIAGNOSTIC ADVANCES 
Moderator, Franz K. BAUER 


EMPIRE ROOM 


P-2 3:45 PM To 5:15 PM 


Pour C. Jounson, Jr.—Radioisotope Measurement of Coronary 
Flow. Comparison Of Methods. 


WituuM F, BetHarp—Activation Analysis. 


J. THomas Dowi1nc—Newer Thyroid Function Tests. 


WiiuuaM H. BLanp—Whole Body Counting. 
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PROGRAM 


THURSDAY, JUNE 18, 1964 


5:15 PM Adjournment Of Thursday Scientific Program. 


6:00 PM Complimentary Cocktail Party—coLp room. 


7:00 PM Annual Banquet.—cHURCHILL ROOM. 


FRIDAY, JUNE 19, 1964 
7:30 AM-8:45 AM Refresher Courses. 


Room 


Diagnostic Blood Studies. Myron POLiycove Study A 


Radioisotope Therapy. Henry JAFFE Study B 


The Medical Radioisotopes. MARSHALL PRUCER Study C 


Effective Audio-Visual Presenta- 
tation of Data. Jack Fason GOLD ROOM 


The Radioiodine Techniques of | Ervin KapLan, 
Evaluating Thyroid Function. Epwin MILLER Study E 


DIAGNOSTIC SESSIONS—WHOLE BODY COUNTING 


10;00-10:15 AM 


Chairman, GeorceE THOMA 


EMPIRE ROOM 


Simultaneous Studies Of Sodium, Potassium And Water 
Spaces In Man. 
Georce C. Henecar, B. Fritscu, N. STEFANOvic and F. W. 
PRESTON. 


Clinical Use Of A Whole Body Counter. 
THORNTON SARGENT and H. Sarro. 








Gross Body Composition As A Function Of Chronologic Age. 
Tervo Nacat, T. Iinuma and T. Isumara. (Japan) 


Radioisotope Pulmonary Function—Studies With Xenon-133. 
Mayor Geravp L. DeNarpo, D. J. Bowes, J. S. Bropy and 
J. B. Grazier. 


Intermission. Scientific And Technical Exhibits. 








ELEVENTH ANNUAL MEETING 


FRIDAY, JUNE 19, 1964 


THERAPEUTIC SESSIONS 
Chairman, Mico Harris 


EMPIRE ROOM 


10:15 AM_ Brachytherapy—Past, Present and Future. 
D. E. Kauison. 


10:30 AM _ Therapy Of Solitary Nodule In Thyroid With I'*'. 
Marion F. Macatorti, R. J. Becker and I. F. HumMon. 


10:45 AM The Use Of Intra-Arterial Chemotherapeutic And Radioiso- 
topic Agents In Treating Cancer Of The Liver. 
Irvine M. Antex and G, T. Pack. 


11:00 AM Localization Of Purified I'*°-Antitumor Radioantibodies In 
Human Brain Tumors. 
Eucene D. Day, M. S. MAHALEY, B. WoopHALL and F. 
PIRCHER. 














FRIDAY, JUNE 19, 1964 


ELEVENTH ANNUAL BUSINESS MEETING 
11:15 AM To 12:15 PM 


Tuap P. Sears, President 


EMPIRE ROOM 


The business meeting will be held Friday morning, June 19, 1964. The com- 
mittee on nominations will report, the election conducted and the routine business 
of the Society discussed. An important item is the adoption of the bylaws re- 
vision. All members have a revised copy. 


It is easy for the membership to bypass the annual administrative meeting, 
feeling that the officers will carry on and the business of the Society be accom- 
plished without their personal attention. Our major aims are scientific. But no 
society achieves its scientific objectives unless supported by sound administration. 
The amount of background work to be done is incredible. The Society needs 
unity. One of the very best ways to obtain unity is to have every member at the 
business meeting to discuss administrative matters and assist in the formulation 
of future policies. 
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FRIDAY, JUNE 19, 1964 
12:15 To 1:45 PM LUNCHEON—RECESS 
PANEL ON THERAPEUTIC ADVANCES 
Pau Meapows, Moderator 
GOLD ROOM 
P-3. 1:45 PM To 3:15 PM 


(Note That Two Panels Are Being Presented At This Time. ) 


Joun H. Lawrence—P*? In Polycythemia And Leukemia. 
Epwin W. Oscoop—P*? In Leukemia And Polycythemia. 


Rusin H. Fiocxs—Prostatic Carcinoma. 


J. R. MaxrieLp, Jr.—P** In Metastic Carcinoma Of The Breast. 


PANEL ON SPACES AND VOLUMES 
Granvit Kyxer, Moderator 
EMPIRE ROOM 
P-4, 1:45 PM To 3:15 PM 


(Note That Two Panels Are Being Presented At This Time. ) 


Gerson T. Lesser and J. M. SteeLE—Tracer Gases To Measure Total 
Body Fat In Vivo. 


Jerry K. Arkawa—Studies Of Exchangeable Magnesium In Man. 
I. S. EpeELMAN—Isotopic Exchangeability And Osmotic Activity. 


Louis V. Avioti—Radiation Effects On Space Function Tests. 


3:15-3:30 PM INTERMISSION. Scientific and Technical Exhibits. 
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3:30 PM FIFTH ANNUAL NUCLEAR POINEER LECTURE 
HONORING 


LORD RUTHERFORD OF NELSON 
(1871-1937 ) 


Presiding: Tuan P. Sears, President, Society of Nuclear Medicine 
Guest Lecturer and Recipient of Fifth Annual Nuclear Pioneer Lecture Scroll, 


Dr. NonMAN Hizperry, Professor of Nuclear Engineering, University of Arizona, 
Tucson, Arizona. 


The Subject: “LORD RUTHERFORD IN THE GREAT HUMAN 
ADVENTURE” 


NorMAN Hicserry, Pu.D. 


EMPIRE ROOM 


NO SCHEDULED PROGRAM FRIDAY EVENING 


SATURDAY, JUNE 20, 1964 
7:30 AM-8:45 AM REFRESHER COURSES. Room 
A-11. Clinical Laboratory Equipment. |= THEODORE FIELDs Study A 


A-12. Effect Of Radiation On Tissues. I, Mescuan, D. J. P1zzARELLO 
Study B 
A-13. Measurement Of Radiation Com- Dove as A. Ross Study C 
ing From A Patient. 


Statistics Of Radioisotopes. V. P. Cotuins, C. A. PEaBopy, 
R. M. ApamMs Study D 


The Radioisotope Technique Of R. W. DieLman, P. J. Study E 
Determining Blood Volumes. O’Rewty, Georce M. AnpREws, 
Sr. (Ervin Kaptan, Chairman. ) 


PRECLINICAL SESSIONS 
Chairman, NorMAnN J. HoLTer 


EMPIRE ROOM 


S- 1. 9:00 AM Design And Properties Of The Duke Whole Body Counter And 
Scanner. 
A. P. Sanvers, F. J. PincHER and T. BuFFALo. 
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SATURDAY, JUNE 20, 1964 


S- 2. 9:15 AM A Diagnostic-Level Whole-Body Counter. 
A. C. Morris, Jr. 


S- 3. 9:30 AM Whole Body Counting Of Non-Uniformly Distributed Radio- 
isotopes. 
S. Genna, W. DuksTE, R. Jones and B. Burrows. 
S- 4. 9:45 AM Scintillation Scanning With An Eight-Inch Diameter Sodium 
Iodide Crystal. 
Joun G. McAree, J. M. Moziey and H. N. Wacner, Jr. 
S- 5. 10:00 AM Digital Scintillation Scanner. 
C. P. ALFreY, Jr., J. R. Risser and V. Cook. 
S- 6. 10:15 AM The Depth Of Focus Of Converging Collimators. 
BENEDICT CASSEN. 


10:30-10:45 AM INTERMISSION. Scientific and Technical Exhibits. 














SATURDAY, JUNE 20, 1964 


RADIOBIOLOGICAL SESSIONS 
Chairman, Titus Evans 


EMPIRE ROOM 


S- 7. 10:45 AM Dextran Infusions And Extracellular Volume. 
Marcus A. Rotuscuitp, M. Oratz and S. S. SCHREIBER. 
S- 8. 11:00 AM Non-Dialyzable Manganese And Copper Levels In Human 
Urine. 
Eucene L. Kanasrocki, L. Case, T. Freitps, C. DECKER 
and Ervin Kapian. 








S- 9. 11:15 AM Albumin I’ Macro-Aggregates For Brain Scanning. (Experi- 
mental Basis And Safety. ) 
G. V. Tapuiin, J. C. Kennapy, M. L. Griswoxip, M. M. 
Axcay and D. E. JoHNson. 


S-10 11:30 AM Absorption Of Zn® In Man And Effect Of Dietary Factors 
Thereon. 
Herta Spencer, Isaac Lewin and J. SAMACHSON. 








S-11. 11:45 AM Chromosomal Abnormalities Fourteen Years Following Treat- 
ment Of Thyrotoxicosis With I'*'. 
M. M. Norat, A. AL-SAapi and W. H. BEteERWALTES. 


S-12. 12:00 Generalizations Derived From Radiobiological Experiments 
With Mammalian Cells In Vitro. 
Paut Topp, R. Tym, J. T. LyMAN and C, A. Tostas. 


12:15 To 1:45 PM LUNCHEON—RECESS 
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SATURDAY MORNING—JUNE 20, 1964 
9:30 AM—WOMEN’S SCIENTIFIC PROGRAM 


Chairman, JoseEPpH GREENBERG 


GRECIAN ROOM #2 


How This Stuff Works. Joun U. Hmauco 


Diagnostic Use Of Radioisotopes. Miutarp N. Croiy 
Therapeutic Uses Of Radioisotopes. Irnvinc M. ARIEL 
There Is A Teaching Problem Involved. Sytvia Feporuk 


Somebody Has To Pay For It. Epmunp HALLEY 


“THE FRIENDLY ATOM” Watt Disney Stupios 
A Thirty Minute Film On The Peaceful Uses Of Atomic Energy. 


SATURDAY AFTERNOON—JUNE 20, 1964 


TOURS 


2:00 PM (1) Visit to Donner Laboratories—Limited To 30 Guests. DoNnNER 


LABORATORIES 
(2) Other Tours By Request To Dr. Glenn Sheline. 


SATURDAY AFTERNOON—JUNE 20, 1964 


WORKS-IN-PROGRESS PROGRAM 


EVENTS FOR THE LADIES 

9:00 AM Thursday, June 18. 

Ladies Get-Acquainted Breakfast. 
10:30 AM Thursday, June 18. 

Ladies Luncheon Tour to San Francisco’s China Town. 
6:00 PM Thursday, June 18. 

Cocktail Hour. (Complimentary. ) 
7:00 PM Thursday, June 18. 

ANNUAL BANQUET 
10:00 AM_ Friday, June 19. 

Ladies Luncheon Tour of Napa Valley Wineries. 


Saturday, June 20. 
Ladies Scientific Program. See special listing. 
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SCIENTIFIC PROGRAM COMMITTEE 


MarsHALL Brucer, Chairman 
Harowp Erick 
Cuar.es Hap, Jr. 


COMMITTEE OF LOCAL ARRANGEMENTS 


Dr. GLENN SHELINE, Vice President, AND Mrs. SHELINE, Chairmen 


Co-Chairmen 


Dr. AND Mrs. JoHN LAWRENCE Dr. AND Mrs. KENNETH McCorMack 
Dr. AND Mrs. JEROLD LOWENSTEIN Dr. AND Mrs. Myron POLLYCOVE 
Dr. AND Mrs. JEROME VAETH 


SPECIAL NOTE BY THE PRESIDENT: Three events deserve special attention: 


1. The Business Meeting On Friday At 11:15 AM, June 19, 1964 
The Society of Nuclear Medicine proposes to bring its membership into 
closer unity with its officers. Members are asked to take part in discussions 
that further this point of view. Elections will be held, new members admitted, 
policies outlined. I ask you to come prepared to enter into these delibera- 
tions. 


. The Annual Banquet: 


Cocktails will be served at 6:00 PM on Thursday evening in the Gold 
Room. The Annual Banquet will be served at 7:00 PM in the Churchill Room 
in the Claremont Hotel. 

An informal program of entertainment has been arranged for the mem- 
bers and their wives. 


. The Fifth Annual Nuclear Pioneer Lecture: 


At 3:30 PM on Friday, June 19, 1964, Dr. Norman Hilberry will give the 
Fifth Annual Nuclear Pioneer Lecture. The honored Pioneer will be Ernest 
Rutherford (1871-1937). Lord Rutherford was Professor of Physics at McGill 
University and later held the same position at the University of Manchester 
and at Cambridge. He was Nobel Laureate in Chemistry in 1908. 

Dr. Hilberry is highly regarded as a scientist and an educator one of the 
best informed educators in America. As a physicist, he appreciates Ruther- 
ford’s tremendous impact on the development of physics; as an educator, he 
understands the changes that Rutherford brought about in laboratory and 
didactic teaching. As a friend of nuclear medicine, Dr. Hilberry is aware 
that Rutherford laid the foundation for this new approach to medical science. 

I urge you to give your personal support in making the Business Meeting, 
the Annual Banquet and the Pioneer Lecture both pleasant and informative. 


THAD P. SEARS 
PRESIDENT, 1964 
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SATURDAY AFTERNOON—JUNE 20, 1964 
WORKS-IN-PROGRESS PROGRAM! 


2:00-2:10 PM 


2:10-2:30 PM 


2:20-2:30 PM 


2:30-2:40 PM 


2:40-2:50 PM 


2:50-3:00 PM 


2:00-2:10 PM 


2:10-2:20 PM 


2:20-2:30 PM 


2:30-2:40 PM 


SCANNING 
Chairman, Raymonp L. Lippy 


EMPIRE ROOM 


Preliminary Evaluation Of Color Scanning. 
Rosert T. Morrison and Trrvus C. Evans. 





The Argonne Cancer Research Hospital’s Brain Scan- 
ning System. 
Rosert N. Beck, DonALp B. CHARLESTON, PAUL 
Eme.serc and Paut V. Harper. 


Quantitation Of Dynamic Processes With The Digital 
Autofluoroscope. 
Merritt A. BENDER and Monte Biav. 








Diagnostic Uses Of The Scintillation Camera. 
A. GoTTscHALK and H, O. ANGER. 





Scanning The Brain In Cross-Section. 
Davip E. Kun. 


Exhibit Break. 





NEWER METHODS 
Chairman, Ricuarp E. PETERSON 


GOLD ROOM 


Regional Pulmonary Blood Flow In Cardiac And Pul- 
monary Disorders. 
Hweo Uepa, Masauiro [io and SHicEKoTo KAmarA. 


Counting Characteristics Of A Medium-Level Whole- 
Body Counter. 
HrrorakeE Kakent and R. L. Hayes. 





Pre-Operative Localization Of Parathyroid Adenomata. 
JoserH B. WorkKMAN and Tuomas B. Connor. 


Localization Of I*HSA In Rheumatoid Joints. 
WituiaM S. MAxFiELD, THomas E. Weiss, Paut J. 
Murison and Joun U. Hmatco. 








*Note That Two Works-In-Progress Sessions Are Being Presented Concurrently. 
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SATURDAY AFTERNOON—JUNE 20, 1964 


W-10. 2:40-2:50 PM 


2:50-3:00 PM 


W-11. 3:00-3:10 PM 


W-12. 3:10-3:20 PM 


W-13. 3:20-3:30 PM 


W-14. 3:30-3:40 PM 


W-15. 3:40-3:50 PM 


3:50-4:00 PM 


W-16. 3:00-3:10 PM 


W-17. 3:10-3:20 PM 


Continuous Regional Blood Flow Measurements By In- 


halation Of Radioactive Xenon. 
ALBERT E, JOHNSON and FRANK GOLLAN. 


Exhibit Break. 





TRANSPORT KINETICS 
Chairman, MiLtarp CroLi 


EMPIRE ROOM 


Iron Absorption In Iron Storage Diseases 
H. S. Wiiuias, R. S. WittiaMs and C. S, Pitcuer. 





Unusual Iron Deposition In Idiopathic Pulmonary He- 
mosiderosis And Paroxysmal Nocturnal Hemoglobinuria 
Studied By Fe*® Kinetics. 

M. Pottycove, M. Fis and J. H. Lawrence. 





The Role Of Gastrointestinal Mucousa In Iron Excretion. 
Ricuarp E. Peterson and Rosert F. Crecu. 





Liver and Spleen Scanning with I'*! Colloidal Albumin. 
Mere K. Loken, Epwarp V. StaaB and ANDREW 
SHEA. 





Cardiac Output By Surface Counting By An Automatic 
Method. 


Pure C. Jounson, Jr. and Cuartes E. McCut- 
LOUGH. 


Exhibit Break. 





BRAIN 
Chairman, Rosert GREENLAW 


GOLD ROOM 


Isotopic Localization Of Cranionasal Cerebrospinal 
Fluid Leaks. 


GIovaAnni Di Curmo and Patrick M. REAMEs. 





The Detection And Localization Of Cerebrospinal Fluid 
Fistulae. 
Joyce C. Kune, FLavio PuLetti, MAXINE BENNETT 
and Joun R. CAMERON. 





*Note That Two Works-In-Progress Sessions Are Being Presented Concurrently. 
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SATURDAY AFTERNOON—JUNE 20, 1964! 


W-18. 3:20-3:30 PM 


W-19. 3:30-3:40 PM 


W-20. 3:40-3:50 PM 


3:50-4:00 PM 


4:00-4:10 PM 


4:10-4:20 PM 


4:20-4:30 PM 


4:30-4:40 PM 


4:40-4:50 PM 


4:50-5:00 PM 


W-27, 4:00-4:10 PM 


Velocity/Time Relationships In The Cerebral Circula- 
tion. 
Robert L. BELL. 
Measurement Of Brain Circulation Time By An Intra- 
venous Radioisotope Technique. 
W. H. Ovpenporr and M. Kirano. 
Use Of I'*! Iodipamide For Brain Tumor Detection. 
Rosert A. Norpyke and H. WittiaAM GEosert, Jr. 


Exhibit Break. 











METABOLIC BEHAVIOR 
Chairman, Linpon SEED 


EMPIRE ROOM 


Radiobiological Differences Between I'*! And I) In 
The Mouse. 
WituuaM J. Scuinpcer and Rosert A. LiEBELT. 
In Vivo Mobilization Of Barium-137m. 
R. L. Hayes and J. E. Carton. 
Calcium-45 Metabolism And Osteoporosis In The Dys- 
trophic Mouse. 
Joseru L, Rapinowirz, Caro; ANN WELSH and Con- 
NIE R. CECALAS. 
An Approach To The Detection Of Occult Pigmented 
Melanoma. 
M. S. Bots, Jr. 
Degradation of C'*-Labeled Thymidine And Its Halo- 
genated Analogs In Man. 
Josern P. Kriss, Ricuarp K. SHaw and Nikki Ep- 
MUNDS. 
Differential Diagnosis Of The Megaloblastic Anemias 
Using C'* Histidine, C't Proprionate And C'*O, Breath 
Analyses. 
M. Fisu, M. Pottycove and T, V. FercHTMer. 














NEWER MATERIALS 


Chairman, Joun U. Hwwatco 


GOLD ROOM 


The Metabolism Of I'*!-Insulin In Patients With Dia- 
betes Mellitus. 
SHiceru TANAKA and Kempo TsuKAMOTO. 





‘Note That Two Works-In-Progress Sessions Are Being Presented Concurrently. 
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SATURDAY AFTERNOON—JUNE 20, 1964! 


W-28. 4:10-4:20 PM Relative Incorporation Of Antimony From Tartar Emetic 
And Astiban By Schistosoma Mansoni And Schistosoma 
. Haematobium. 
A. ScHuLERT, E. McConnett, H. Browne and Z. 
FarD. 


W-29. 4:20-4:30 PM Turnover of Tritiated Water In Mycobacteria (B.C.G.) 
JosePH STERNBERG and ARMAND MERCIER. 


W-30. 4:30-4:40 PM Radioalbumin Macro-Aggregates For Lung Scanning. 
G. V. Tapuin, M. L. Griswop, D. E. Jounson, H. S. 
Kap.an and M. M. AKcay. 


W-31. 4:40-4:50 PM Tc®™ As A Radiocolloid. 
Pau V. Harper, KATHERINE A. LATHROP, and Pow- 
ELL RICHARDS. 


W-32. 4:50-5:00 PM Radiochemical Purity, Internal Dosimetry And Calibra- 
tion Of Tc**™, 
E. M. Smit. 








1Note That Two Works-In-Progress Sessions Are Being Presented Concurrently. 





One of the presentations to be given on the early morning refresher courses at the 

1964 annual meeting, is of considerably different type than is usual in our Society pro- 

grams. Mr. Jack Fason, FBPA, is an invited speaker who is an authentic expert in the 

- preparation and projection of lantern slides and the use of public address systems. Mr. 

Fason has received much national recognition in this field and in the present instance 

is receiving support from the Eastman Kodak Company. He is one of about 75 men in 
the world to whom the FBPA fellowship has been awarded. 


Scientific speakers are prone to errors in the use of these teaching aids. Mr. Fason 
will lecture and demonstrate on the ideal use of these items. He will appear at 7:30 
A.M. on Friday morning in the Gold Room of the Claremont Hotel. The program com- 
mittee highly recommends this presentation to the membership. 
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PROGRAM 


Scientific Exhibits 


INTRA-ARTERIAL PARTICULATE RADIOISOTOPES TO TREAT ADVANCED 
CANCER 
Epcar D. Grapy AND THOMAS R. NOLAN. 
Atlanta, Georgia 


ABNORMAL KARYOTYPE FINDINGS IN HUMANS RESULTING FROM 
X-Ray, I" THerapy AND CHEMOTHERAPEUTIC AGENTS 
Cuar.es T. Knorpp, Cantos E. Nasjiet1, H. H. SPENCER, 
Rosert Rapp, Anp J. J. HintKER 
Ann Arbor, Michigan and Washington, D. C. 


SCINTISCANNING OF THE LuNG Usinc AGGREGATES OF IODINATED 
HuMAN SERUM ALBUMIN 
J. L. Quinn, III, J. E. Warriey, R. W. Pricuarp, 
AND A. S. HupsPETH 
Winston-Salem, North Carolina 


In Virro MEASUREMENT OF THyROw FuNcTION Usinc REsIN- 
IMPREGNATED POLYURETHANE SPONGE 
Davw J. Cartson, Davi J. LaAFonp, Marie B. HEINEN, 
AND SUZANNE CARROLL 
Milwaukee, Wisconsin 


DETECTION OF OccuLT BONE METASTASES BY PHOTOSCANNING WITH 
RADIOSTRONTIUM 
Davw M. Sxxiarorr, N. Davin CHARKES, AND 
J. GersHon-Couen, Philadelphia, Pennsylvania 


RaDIOIsoTOPE PULMONARY FUNCTION-—STUDIES WITH XENON-133 E-9, E-10 
GeraLp L. DeENarpo, Major, M.C., Dona.p J. Bowes, Captain, 
M.S.C., JeRoME S. Bropy, Captain, M.C. Aanp Jon B. GLAziEr, 
Captain, M.C. 


PROGRESS IN THE CLINICAL USE OF THE SCINTILLATION CAMERA E-11, E-12 
Hat O. ANGER, ALEXANDER GOTTSCHALK AND DoNALD C. VAN DYKE 
Berkeley, California 


RADIOISOTOPES IN THE DiAcGNosis OF RENAL HYPERTENSION E-13 
G. V. Tapuin, E. K. Dore, A. T. CocketT, AND 
D. E. Jounson, Los Angeles and Torrance, California 


RapDIOALBUMIN Macro-AGGREGATES FOR HUMAN LuNG SCANNING E-14 
G. V. Tariin, M. L. Griswoxp, D. E. Jounson, 
E. K. Dore, H. S. KapLan, anp M. M. AKcay 
Los Angeles and Torrance, California 
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Scientific Exhibits 
Booth No. 
DictraAL COMPUTER ANALYSIS OF RADIOISOTOPE SCANS E-15 
Donap W. Brown, Denver, Colorado 
CoLor SCANNING E-16 
Rosert T. Morrison, and Titus C. Evans, Iowa City, lowa 
ORINS Symposia In MEDICINE E-17 
Rapu M. KniseLey and Goutp A. ANpREws, Oak Ridge, Tennessee 
Tue IsoropE ENCEPHALOGRAM E-18 
Jack K. Goopricu and Forrest T. Tutor, Jackson, 
Mississippi 
COLLIMATOR EVALUATION WITH THE I.A.E.A. SCANNING PHANTOM 
Merritt A. BENDER, and Monte Biau, Buffalo, New York 
BIOMEDICAL RESEARCH WITH HicH-ENERGY HEAvy-CHARGED PARTICLES 
Joun Lawrence, Berkeley, California 
StaFF EpuCATION IN NUCLEAR MEDICINE 
D. L. TABERN and ANNE Do .zow, Lake Bluff, Illinois 
A New Orcan Scan Dispcay IN PoLarow CoLor 
H. L. Jarre, and Ratpu Apams, Los Angeles 


Commercial Exhibits 


ABBOTT LABORATORIES KAMAN INSTRUMENTS 
North Chicago, Illinois Austin, Texas 
AMERICANA CORPORATION MonsANnTO RESEARCH CORPORATION 
Beverly Hills, California Dayton, Ohio 
AMEs AtomiuM, INc. NucLeAr-Cuicaco CorPoRATION 
Elkhart, Indiana Des Plaines, Illinois 
Bairp-ATomIc, INc. NUCLEAR CONSULTANTS 
Cambridge, Massachusetts St. Louis, Missouri 
Curtis NUCLEAR CORPORATION PACKARD INSTRUMENT COMPANY 
Gardena, California LaGrange, Illinois 
ELECTRO-FAB Picker X-Ray CorPoRATION 
Encino, California White Plains, New York 
ENCYCLOPAEDIA BRITANNICA E. R. Squips & Sons 
Chicago, Illinois New York, New York 
Great Books OF THE WESTERN WoRLD TECHNICAL MEASUREMENTS 
Chicago, Illinois North Haven, Connecticut 
Iso-SERvicE, INc. Unrrep States ATOMIC ENERGY 
Cambridge, Massachusetts CoMMISSION 

Washington 25, D. C. 

VoLk RADIOCHEMICAL COMPANY 
Skokie, Illinois 





ABSTRACTS 
THURSDAY 7:30-8:45 AM—JUNE 18, 1964 


REFRESHER COURSES 


A-1* Thyroid Function Studies—Witu1AM H. BEmeRWALTES. (Study A) 


The theory of the thyroidal I"" uptake test is reviewed. The 1-4 hour tests are good diag- 
nostic tests for the diagnosis of Grave’s disease but the 24 hour test is best in detecting hypo- 
thyroidism. The 6 hour test is the most convenient compromise. The 2, 4, 6 and 24 hour 
tests together give data on I transit time. The PBI tells more about transit time than 
hyper- or hypothyroidism. The I uptake is at its worst in nodular goiters. The T-3 RBC (or 
resin) uptake tests are helpful when other tests fail. Thyroid scanning describes the morpho- 
logical genesis of colloid nodular goiter and locates functioning metastases. Point counting 
used with scans helps quantitate uptake in metastases. 


A-2 Radiation Safety—Rosatyn S. YALow. (Study B) 


To ensure that the medical usage of ionizing radiations be consistent with maximum 
safety for patient, staff and community certain basic precautions must be observed. These 
precautions have been formulated into specific legal regulations and quasi-legal recommenda- 
tions of national and international advisory groups. In this presentation the following topics will 
be discussed: (1) biological effects of radiation at medical usage levels; (2) principles of 
radiation safety in radioisotope installation; (3) recommendations of NCRP, ICRP and 
relevant NBS handbooks; (4) problems of monitoring and waste disposal; (5) application 
of common sense to the management of radiation safety in practical laboratory and medical 
situations. 


A-3 Radioisotope Physics—Rosert H. Rowrer. (Study C) 


The course shall include a review of current understanding of the physical constitution, 
the activation, and the molecular behavior of radioisotopes followed by an introduction of 
an acceptable picture of radioactive decay processes, the elementary nature of atomic radia- 
tions, and the mechanisms by which these radiations contribute to radiobiological doses. These 
fundamentals shall be related to tracer level detection and measurement, to scanning, to in- 
ternal dose estimates, and to other general problems encountered in the practice of nuclear 
medicine. 


A-4 Problems of Scanning—C. C. Harris. (Study D) 


Scanning, like other diagnostic studies, consists of a closed-loop information flow. Physician 
—makes decision that scan would be useful (this may require choice of tracer material )—ad- 
ministers tracer to patient. Patient—metabolizes, transports, concentrates or otherwise dis- 
tributes tracer material—tracer emits gamma rays. Detector-Spectrometer System—“counts” 
gamma rays—selects them as to “kind” and origin—presents information for recording. Data 
Recording—puts “counted” information in forms that may be interpreted. Physician—interprets 
and uses information for benefit of patient, closing the loop. The problems in scanning are 
the distortions, of the necessarily scarce information, that occur at any part of the cycle. 


A-5 Effects of Radoiactivity Upon The Mammalian Organism—MiriaM P. 
FINKEL. (Study E) 


The course will be concerned with the pathologic consequences of the exposure of experi- 
mental animals to radionuclides (1) when the chemical form of the nuclide and the route of 
administration vary; (2) when different kinds of animals are used; (3) when different total 
amounts of activity are given; (4) when nuclides with different physical characteristics are 
used; and (5) when the pattern of exposure is changed. Particular attention will be given to 
decrease in life span and increase in cancer. 


*Serial numbers (A-1, F-3, S-5, etc) refer to program identification and abstracts, which are 
printed in the Abstract Book and in the May 1964 issue of THE JOURNAL OF NUCLEAR 
MEDICINE. 
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THURSDAY MORNING—JUNE 18, 1964 
DIAGNOSTIC SESSIONS—SCANNING 
Chairman, Tuomas CarLiLeE 


EMPIRE ROOM 


T-1 “Detection Of Occult Bone Metastases By Photoscanning with Radiostron- 
tium.” Davi M. Sxtarorr, N. Davin Cuarkes, and J. GersHon-CoHEN, 
(Dept. of Radiology, Albert Einstein Medical Center, Northern Division, 
Philadelphia, Pennsylvania ) 





Conventional roentgenography of bone, particularly of vertebrae, frequently fails to 
visualize metastatic foci. Bone adjacent to tumor responds by increased osteoblastic activity 
which can be detected by photoscanning with strontium-85 or -87m. 

One hundred eighteen cancer patients with known or suspected metastases were scanned 
with Sr*. In 26, the scan showed abnormally increased localized strontium deposition despite 
negative roentgenograms, and in the absence of symptoms in some patients. Only 4 false 
negative scans were found. In the other patients, scan findings correlated closely with roent- 
genograms. Bone biopsies confirmed Sr* localization in 17 patients, 4 of whom had negative 
roentgenograms. 

Sr“™ showed localization similar to Sr* in 17 patients. Its short halflife (2.8 hours) 
permits repetitive evaluations following roentgen or hormonal therapy, and doses up to 1.5 
me considerably shorten scanning time. 

Photoscanning of bone with Sr* and *™ has proven to be more sensitive than conventional 
roentgenography for detection of occult metastases, and is of considerable value to the radia- 
tion therapist in planning treatment portals. 


T-2 “Chlormerodrin Scintiecephaloscanning For the Detection And Localization 
of Non-neoplastic Intracranial Disease.” Ropert T. Morrison, Avex K. AFIFI, 
Maurice W. Van ALLEN, and Titus C. Evans (College of Medicine, State 
University of Iowa, Iowa City, Iowa. ) 

The primary application of brain scanning has been for the detection and localization 
of brain tumors. Little has been written concerning its application to non-neoplastic intra- 
cranial disease. Mercury-203 chlormerodrin brain scans were performed on 600 patients suffer- 
ing from a variety of disorders of the brain. Sixteen of 38 patients with a diagnosis of cerebral 
infarction had abnormal scintiscans which localized correctly the lesion to that part of the 
brain which was suspected to be involved clinically. Subsequent scintiscans on 4 of these pa- 
tients 5 to 10 months later yielded normal scintiscans. Twenty-two patients with a clinical 
diagnosis of atherosclerotic cerebrovascular disease had normal scintiscans. The lesion was 
localized correctly in 5 patients who had intracerebral hematomas. Three of 5 patients with 
arteriovenous malformations and 2 of 5 with subdural hematomas had abnormal scans. It is 
apparent that many lesions other than brain tumors show abnormalities with this procedure. 





T-3 “The Diagnosis Of Pulmonary Embolism By Radioisotope Scanning.” HENRY 
N. Wacner, Jr., Davi C. Sasiston, and Masauiro lio, (Departments of 
Medicine, Radiology and Surgery, The Johns Hopkins University School of 
Medicine, Baltimore, Maryland. ) 





Massive pulmonary embolism remains and important cause of death. The surgical approach 
to this disease has been impeded by uncertainty of diagnosis in many cases. In 44 dogs with 
experimental pulmonary emboli and 70 patients with pulmonary diseases, including massive 
embolism, a method was developed which has been found to be a safe, rapid and effective 
means of determining the site and extent of pulmonary embolism. 
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Human serum albumin labeled with I or Cr™ was aggregated into particles 10 to 50 
micra in diameter. When injected intravenously, these particles lodge in the pulmonary ar- 
terioles and capillaries. The distribution of radioactivity can be clearly delineated by scintilla- 
tion scanning and is directly proportional to regional pulmonary blood flow. The method has 
proven safe from the standpoint of hemodynamic effect, radiation hazard and antigenicity. 

An experimental technic was developed which permitted removal of large emboli after 
varying periods of time. In all animals the embolus was correctly localized by scanning. Follow- 
ing removal of the embolus, in situ thrombosis was regularly found distal to the point of ob- 
struction. Restoration of pulmonary circulation was determined by serial scanning and found 
to be a function of the duration of occlusion of the involved vessel. Clinically, the method has 
been of great value in the immediate diagnosis and accurate localization of pulmonary 
embolism. 


T-4 “Topographic Distribution Of Amoebic Abscess Studied By Liver Scanning.” 
A. Cuaron, B. SEpuLveEDA, and L. Lanna, (Servicio de Gastroenterologia and 
Servicio de Radioisétopos, Hospital General, Centro Médico Nacional; 
Comisién Nacional de Energia Nuclear, Mexico). 


One hundred six amoebic abscesses of the liver were studied by liver scanning in 
two directions, antero-posterior and right lateral, after the administration of I'*-Rose Bengal. 
83 per cent of the abscesses were localized at the right hepatic lobes and only 17 per cent at 
the left lobe. The more affected regions of the right lobe were: the posterior surface (54.7 
per cent), the external surface (50.9 per cent) and the upper surface (34.9 per cent). The 
more common localizations in these regions were: the upper third of the posterior surface 
(28.3 per cent), the two external thirds of the upper surface (23.0 per cent) and the lower 
third of the external surface (21.7 per cent). 

The results were analyzed in order to find out which direction is the best for each local- 
ization. The antero-posterior direction alone, located 85.8 per cent of the abscesses; the 
right lateral direction demonstrated only the 77.3 per cent. The two directions together demon- 
strated the 99.0 per cent of the abscesses. The antero-posterior was the best position for the 
localization of the abscesses located at the left lobe and at the upper two thirds of the external 
surface of the right lobe, between the anterior and posterior surfaces and at the central part 
of the lower third of the anterior surface. The lateral position was the best for the localization 
of the abscesses located at the central third of the posterior surface and at the lower third 
of the central region of the right lobe. In other regions both directions had the same value. 
Only one abscess was not demonstrated at the first attempt with this procedure. It was 
localized a few days later on a second scanning at the external upper third of the posterior 
surface. The importance of this method for the localization of amoebic abscesses before 
surgery and medical treatment and for the control of the evolution of the disease is 
discussed. 


T-5 “A New Organ Scan Display In Polaroid Color.” RatpH ApaMs and HENRY 
L. Jarre, (Cedars of Lebanon Hospital, Los Angeles, California. ) 


A new accessory instrument was developed for the production of “photoscans” in 
Polaroid color. The instrument consists of a modified cathode ray oscilloscope, camera, 
a strip of color filters, servomechanism, and associated electronic circuits. 

The position of the electron beam on the screen is made to track with the mechanical 
position of the scan detector by means of ganged helical potential dividers driven by the 
scan mechanism and connected to DC power supplies. The electron beam is normally “off” 
and is keyed “on” by a square wave generator triggered by the output of the analyzer of the 
scanner. A saw tooth signal is superimposed on the vertical deflection plates to produce a 
vertical sweep to coincide with spacing between scan lines. Finally, magnification control is 
achieved by connection to deflection plates through four-gang potential dividers. 
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The filter strip, between the screen and camera lens, is driven from color to color by the 
servomechanism operated from the ratemeter circuit of the scanner, so that full scale readings 
record in red, background in purple, and other rates in intermediate spectral colors during a 
time exposure. 

The instrument may be operated simultaneously with conventional “photoscan” and 
stylus recording. It is calibrated to provide quantitiative information from the color coding. 
Furthermore, color contrast is achieved without loss of latitude. 

A comparison will be presented between the color scanning print-out system developed 
by Gerald J. Hine, and our color photoscans made in Polaroid color. 


T-6 “Abnormalities Of Distribution of Marrow Shown With Fe®? And The 
Positron Scintillation Camera.” DonaLp VAN Dyke, and Hat ANGER (Donner 
Laboratory, University of California, Berkeley, California. ) 





Development of the positron camera has made it possible to obtain detailed visualization 
of the marrow compartment in the living subject. The first studies done using this technique 
have demonstrated remarkable differences in marrow distribution associated with various 
disease states. Demonstration of gross changes in distribution of marrow within the skeleton 
has been possible in the past using Fe® and various scanning devices, but the positron camera 
and Fe® provide detail previously available only by laborious post-mortem examination. 

For best visualization of the marrow, scintiphotos were taken when the blood level was 
low and marrow uptake was high, about 15 hours after intravenous administration of Fe™. 
Satisfactory pictures were obtained in adults with 10 minutes exposure after as little as 50- 
100 microcurie administered dose. 

Visualization of the marrow in normal adults has shown the same distribution found in 
past clinical-pathological studies, marrow throughout the pelvis, spine, sternum and ribs with 
some in the proximal ends of the extremities. Markedly abnormal distribution of marrow has 
been demonstrated both in primary blood diseases and in one case of primary bone disease 
(Paget’s disease). Extension of the marrow into the extremities has been demonstra.ed in 
primary polycythemia and following chronic blood loss, whereas the distribution of marrow was 
essentially normal in cases of polycythemia secondary to hypoxia (congenital heart disease). In 
one case of Paget’s disease increased amounts of marrow were found in the parts of the 
skeleton most affected by the disease. 


THURSDAY MORNING—JUNE 18, 1964 
DIAGNOSTIC SESSIONS—DISEASES 


Chairman, Asa SEEDS 


EMPIRE ROOM 


T-7 “Determination of Amino Acid Active Transport Into Tissue Cells.” W. J. 
Henpverson, E. N. Bowser, G. A. WititaMs, (Radioisotope Service, V.A. 
West Side Hospital, Chicago, Illinois. ) 


Radioisotopically-labeled non-metabolizable amino acids (especially a-aminoisboutyric 
acid-C or AIB-C“) have frequently been used to study amino acid transport into tissue 
cells under various conditions. In order to accurately determine the presence and the magnitude 
of active transport, the concentration (C) of AIB-C™ must be determined in the intracellular 
water (ICW) and extracellular water (ECW) of the tissue, and the data expressed as the 


ICWC 
AIB-C™ concentration ratio . Because of the variability of tissue water compartments 


among different body tissues and under various experimental conditions, it is advisable to de- 
termine the intra- and extracellular space for each specimen of tissue analyzed for AIB-C“. The 
following method allows all necessary determinations to be made on a single very small tissue 
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specimen (examples for the rat parathyroid will be given). 


AIB-C™ and Cl” (the latter to determine extracellular space) are injected. The animal 
is subsequently sacrificed by exsanguination. Tissue samples are rapidly obtained, sealed in 
polyethylene envelopes, weighed on a microbalance, and dried in a specially designed desic- 
cator. The dried tissue samples and serum samples are placed in counting vials, digested with 
Hyamine, mixed with scintillator and the C“ and Cl” activity determined in a liquid 
scintillation counter. 


The concentration ratio is calculated as follows: 


—ee aw 
ECWC ECWC 
Gi: i: Tissue cm activity aan 
Serum Cl” concentration 
0.93°0.95 

0.93 = Correction for % water in serum 
0.95 = Donnan equilibrium constant 
TA = Total C™ activity of tissue 
ICWC = Intracellular water C“ concentration 
ECWC = Extracellular water C“ concentration 
TW = Total tissue water 


T-8 “Radiometric Utra-Microanalysis.” Oscar Kanner, (Chief Laboratory and 
Radioisotope Services, V.A. Hospital, Oteen, North Carolina. ) 





As early as 1933, Ehrenberg conceived analytical ultra-micro methods based on the use 
of thorium B (Pb) and an electroscope for activity measurements. With this simple equip- 
ment he designed methods for acidemetry, oxydimetry, iodimetry, as well as for the determina- 
tion of a number of kations and anions. Today’s availability of numerous isotopes and of more 
refined instrumentation induced us to try to revive Ehrenberg’s ideas. We wish to present first 
the use of Ca* and of Pb*° for purposes of acidimetry and alkalimetry. The principle is this: 
To the acid to be determined a suspension of indicated Ca CO, is added to excess. An equiva- 
lent amount of indicated Ca or Pb is thus dissolved, and its activity is determined. The rela- 
tionship between the amount of acid present and the corresponding activity of dissolved labeled 
lead or calcium was found to be linear over a very wide range. 

The method to be presented permits the recognition of differences of amounts of acids 
down to the order of 10° equivalents (a millionth of a milliequivalent). 


T-9 “Radioactive Colloidal Gold Measurements Of Lymph Flow In The Ex- 
tremities.” Harotp H. Sacer, B. K. Sivna, Docan Kizitay, AND RUDOLPH 
Tesxon, (New York University, New York. ) 





Radioisotope techniques have been devised and standardized in this laboratory (1,2,3,4) 
which are useful in studying the dynamics and functional pathways of lymph flow together 
with lymph node pick-up and filtration function. Radioactive colloidal gold (AU) has been 
found desirable for this study. Using one injection, a set of observations is made which includes 
all four aspects. Colloidal gold (15-25 microcuries in 0.lcc liquid) is injected without opera- 
tive exposure, into the particular lymphatic compartment of the extremity to be studied such as 
subcutaneous, skin or muscle. Because of its colloidal, metallic nature and size, it is carried 
entirely in the lymph. Some colloidal gold is deposited in the first station of lymph nodes within 
minutes. Some is routed to second and third stations of nodes, particularly after the first station 
is loaded. Colloidal gold which enters a node remains there for the duration of the study, so 
that deposition of colloidal gold measures filtration function of the node. Lymph nodes of the 
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extremity filter out most of the colloidal gold. The remainder, however, bypasses all nodes to 
enter the thoracic duct and blood from which it is quickly cleared by the reticuloendothelial 
cells of the liver. 

Because it is a gamma emitting isotope, AU can be traced and measured in its passage 
through the lymphatics and sites of deposition in the lymphatic system by means of external 
measurement techniques. Because of its halflife, 2.69 days, in vivo, serial, continuous or in- 
terrupted quantitative observations can be performed over a period of several days, so that 
physiologic as well as complex disease states can be studied. Because of the minute amount 
(0.lec) used, there is no artefactual distention of lymphatics. The measurements of dynamics 
and pathways of lymph flow truly represent physiologic and pathologic states studied. This 
technique has been applied in normal and disease states and an analysis of results will be pre- 
sented. 


T-10 “Thyroid Uptake In Studies Using Various I’°! Labeled Preparations.” 
Y. Wang, (Presbyterian University Hospital, Pittsburgh, Pennsylvania. ) 


Thyroid uptake of disassociated I“ from the original preparation has not been well docu- 
mented. This information is important in preparing the patient for a specific study and also 
in evaluating the biological stability of I labeled preparations. Twenty-four hour thyroid 
uptakes were determined following adminstration of the commonly used I™ labeled prepara- 
tions. I triolein thyroid uptakes showed a linear relation with amount of Lugol solution ad- 
ministered. Without administering Lugol solution the range was 18.5%-7.2%; two, three and 
four doses of 5 drops each in one day, the ranges of uptake were 6.8-3.1%, 2.9-0.2% and 
1.0-0.2% respectively. The I** Hippuran thyroid uptake was in the range of 2.6-0.0% (average 
(0.6%). The I rose bengal thyroid uptake was in the range of 7.9-0.0% (average 0.9%). The 
I RISA thyroid uptake was in the range of 9.0-5.8% (average 6.8%). From these results, the 
disassociation of I'** from the labeled material is almost insignificant in the most cases by in- 
travenous administration, except for RISA and for oral administration of I'" triolein which 
showed a high rate of disassociation. In preparing the patient for I’ triolein absorption study, 
four doses of Lugal solution, five drops each, completed in one day is satisfactory for proper 
blockage of thyroid uptake of disassociated I“. In the literature, various amounts of Lugal 
solution from zero to 48 drops in various periods from 1 to 3 days were reported. Following 
administration of the above mentioned I" preparation, except for I triolein and RISA, the 
routine I" thyroid function study can still be carried out with a reasonable degree of accuracy. 


T-11 “Studies With Radioactive Copper In Patients With Wilson’s Disease And 
Their Relatives.” W. NEwLon TaAuxe, AND NorMAN P. Go.psTEIN, Sections 
of (Clinical Pathology and Neurology, Mayo Clinic, Rochester, Minnesota ) 
With the technical assistance of Dorothy Jenkins, M.T. and Virginia Stell- 
macher, M.T. 





Thirty-eight studies with radioactive copper have been carried out in 10 normal persons, 
in 10 patients with Wilson’s disease and in 10 heterozygous relatives. Radiocopper for 72 hours 
has been quantitated serially in plasma (including ceruloplasmin), erythrocytes, urine and 
stools. In addition, serial external counting over the liver was performed. 

Including the normal, a total of six distinct kinetic patterns were observed, four of which 
were seen in patients who themselves had Wilson’s disease. 

The first would be the normal pattern. 

The second was asymptomatic preclinical disease (“coppering state”) in which virtually 
all injected copper accumulated in the liver, with minor spillover into blood, urine or stool. 

The third was symptomatic hepatolenticular degeneration (“coppered state”), in which 
free copper spilled over into the tissues and in which, in the urine, amounts were found which 
were higher than normal by approximately tenfold. 
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The fourth was a condition (“decoppering state”) in which body stores of patients re- 
ceiving penicillamine were being depleted and free copper in the urine was found to be higher 
than normal on the order of a hundredfold. 

The fifth was observed among patients temporarily not receiving long-term penicillamine 
therapy (“decoppered state”) in whom injected Cu®4 was found to accumulate in the tissues 
again with insignificant urinary spillover. This resembles the “coppering” pattern. 

A sixth kinetic pattern was that seen in the heterozygous state, in clinically asymptomatic 
persons all of whom were relatives of patients with Wilson’s disease. This state can be separ- 
ated from the normal on the basis of the ceruloplasmin Cu® incorporation kinetics, by the 
fecal excretion pattern and by hepatic radioactivity as monitored by external counting. 

Possible theories for the various patterns will be discussed. 

Since these various kinetic patterns are readily distinguishable by the use of radioactive 
copper, we have found it important to study the families of patients with Wilson’s disease 
as completely as possible to establish the genetic pattern and also to detect the occasional pre- 
clinical “coppering” patient before symptoms occur, so that proper therapy may be instituted. 


T-12 “C*+ Glucose Kinetics In Diabetes And Acromegaly.” E. MaNovcian, M. 
Po.tycove, J. A. Linroot, anp J. H. Lawrence, (Donner Laboratory, Uni- 
versity of Galifornia, Berkeley, California. ) 





Glucose tracer kinetics using the single, intravenous uniformly labeled C“ glucose tech- 
nique and continuous monitoring of labeled and non-labeled carbon dioxide have been per- 
formed in patients with diabetes mellitus and acromegaly. Previous studies from this laboratory 
reported similar investigations in normal human subjects and the effects of insulin, tolbutamide 
and phenethylbiguanide. This study is an amplification of these kinetic studies in patients with 
juvenile diabetes, adult-type diabetes and acromegaly—many of whom were subsequently 
treated with heavy particle pituitary irradiation. 

A steady-state two compartmental model with unidirectional flow, suggested by Baker 
et al, was used in the analysis of the data. The parameters which most critically distinguished 
the patients with abnormal glucose metabolism were: (1) labeled blood glucose halflife (t %); 
(2) glucose pool (P,); (3) glucose pool calculated in gm glucose/Kg of body weight 
(PY); (4) fraction of the glucose pool which turns over per minute; and (5) required 
time for the expired breath to reach maximum specific activity (t max). Less critical data 
were: (la experimental specific activity of expired CO, at t max ( co(t max)); (2a) milli- 
grams of glucose oxidized to CO, per minute (Gco,); and (3a) oxidation of glucose to CO, in 
g/kg/hr (G%,,). Very little differentiation could be seen in the other parameters measured. 

Diabetic patients, when not taking insulin or hypoglycemic agents, had a prolonged 
t % (200-600 min), increased P, (28 gm) and P® (0.38 g/kg), a diminished, (0.0059 
min), and a delayed t max 150 min). Some decrease in E%4, ( (t max)(0.150) uc/gC) and a 
Gco, (64 mg/min) was also seen. : 

In general the patients with active acromegaly had abnormalities similar to the diabetics 
but these were less marked and more difficult to distinguish from normal subjects. 

Heavy particle pituitary irradiation reversed the abnormal kinetics in the patients with 
acromegaly but did not appear to affect significantly the abnormal kinetic studies in adult-type 
diabetes. 


THURSDAY AFTERNOON—JUNE 18, 1964 
P-1 2:00 PM—PANEL ON SIDE EFFECTS 
Moderator—NorMAN SIMON 


Radiation, like all drugs, has effects other than those immediately desired. Some of these 
side effects have received unusual emphasis to the exclusion of the benefits of radiation. In 
spite of any possible preformed conjectures in any specific field, we should know the milieu in 
which we work. 
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H. J. MuLLER—Genetic Effects of Radiation. 


With rare exceptions, a heterozygous mutant gene reduces fitness, though slightly. The 
number of individuals that ultimately receives the gene before it causes genetic death tends 
to be inversely proportional to the impairment per individual. “Large” and “small” mutations 
are therefore, in the long run, equally damaging, and each constitutes one lethal-equavalent. 
Because of the similarity in the effects of induced and spontaneous mutations, the former are 
‘xpressed mainly in a higher incidence of mortality, morbidity, and inadequacies of the same 
types as those prevalent otherwise. The radiation of medical origin received by Americans 
wer the last thirty years must have produced some % to 3% million lethal-equivalents, which 
will have effects scattered over centuries—a total damage far greater than the somatic damage 
-xpressed in the exposed generation. Thus, were it not for genetic damage, higher bodily doses 
hould be permissible. Most genetic damage induced in man could be avoided by artificial stor- 
ige of germ cells. 


Cart F, TessMER—Radiation And Carcinogenesis. 


The initial and intervening steps between radiation and carcinoma are being slowly de- 
fined. Karysome analysis, now on a practical but not quite routine level, has opened a large 
segment of this area between initial radiation and subsequent effects, and promises quantitative 
aspects. Recent studies of in utero irradiation present good statistical evidence (MacMahon) 
and some speculation (Sternglass). 

Evaluation of the carcinogenetic potential of radiation is a constant requirement, with 
such formidable problems as the long observation period as well as sharpening the interpreta- 
tion of existing observations. For example, abnormal cellular pleomorphism in the thyroid 
persists years after radiation, a finding which still awaits some assignment of significance to 
the patient. As an example of more advanced analysis, the thorotrast story is perhaps the most 
significant one unfolding in present clinical experience. Recognizable changes may occur at 
quite low levels of radiation, such as the bilobed lymphocytes described by Ingram following 
several hundred milli-roentgens, for which no assessment of significance has been made. While 
radiation carcinogenesis deals largely with somatic cell changes, the germ cell aspects should 
not be ignored. Carcinogenesis remains one of the overwhelmingly important long term side 
effects which must be included in all considerations of radiation. 


Hucu F, Henry—Aging Effects Of Radiation Exposure. 


Radiation exposure apparently causes an aging process which is manifested by effects 
upon the overall life span and by the early appearance of physiological changes normally ac- 
companying natural aging. Both of these indications will be discussed, primarily from the view- 
point of experimental evidence, although some mention will also be made of current theories. 
The effects of both short-term and chronic exposures will be mentioned with particular empha- 
sis on some of the difficulties encountered in interpreting the data as well as apparent discre- 
pancies observed. Special attention will be given to the longevity effects of chronic low level 
exposures. 


NorMAN Simon—Leukemia Following Irradiation. 


The incidence of leukemia increases in populations receiving large doses of radiation. 
This observation has been confirmed in the survivors of the atomic bombings in Japan, in 
radiation-treated patients with spondylitis, and in older radiologists. It is difficult to determine 
whether low-dose radiation is leukemogenic, but prudence makes us consider it so. 


MARSHALL Brucer—Radiation Ain’t As Evil As You Think. 


Improbable events might or might not appear in small samples. We can generalize med- 
ical statistics as being one of four kinds of large samples; but, although most large samples are 
trivialities, we still have to define what we mean by a large and a small sample. Since most 
medicine is a “feeling” derived from many small samples by many physicians, a scientist can 
describe exactly what he sees and still be a liar. The only way to win at dice is to own the 
crap table. 
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THURSDAY AFTERNOON—JUNE 18, 1964 
3:45 PM—PANEL ON DIAGNOSTIC ADVANCES 
EMPIRE ROOM 


Moderator—FRANz BAUER 


Problems of body composition, management of intracellular electrolytes by isotope dilu- 
tion, total body counting and neutron activation analysis have taken their place in clinical 
medicine. So have determination of cardiac output, minute volume and coronary blood flow. 
Experts with a recognized background in their respective fields will discuss these new and 
important techniques. 


Pui C. Jounson, Jr.—Radioisotope Measurement of Coronary Flow. Compari- 
son Of Methods. 


Relative or absolute coronary flow measurement has been a continuing goal of radioiso- 
tope research because conventional methods of measuring coronary flow are not technically 
convenient for large clinical populations. Three approaches to myocardial flow measurement 
have been published: ratio of cardiac and cerebral washout slopes, coronary areas ratio formula 
and cardiac rubidium uptake. Each method has intrinsic problems which have made it unac- 
ceptable for clinical investigation. The theory and formulas of each method will be contrasted 
and compared. Data obtained using two of the methods simultaneously in dog experiments and 
patients will be presented. Suggestions for further investigation will be made. 


WituaM F. BetrHarp—Activation Analysis. 


With the advent of improved neutron sources and sophisticated instrumentation, neutron 
activation analysis has become a powerful analytic tool. Sixty-nine elements in the periodic 
table can be quantitated by neutron activation with an average sensitivity of 0.01 yg. At- 
tempts are underway to automate the analysis so that results can be obtained without radio- 
chemistry by means of computer techniques. So far this has not been entirely successful; but 
it shows promise. Neutron activation analysis is particularly pertinent to the study of trace 
elements in biology. These elements are present in very low concentrations, yet they play 
very important roles in biochemical processes. 


J. Toomas Dow.tinc—Newer Thyroid Function Tests. 


Newer thyroid function tests give emphasis to in vitro techniques and have an applica- 
tion to such problems as habitual abortion and liver disease. 


Witu1aM H. BLanp—Whole Body Counting. 


The whole body counter is an elaborate instrument assembly designed to measure minute 
quantities of radioactivity in human subjects. These instruments may be used to measure 
radioactive contamination at below maximum permissible levels. A more specialized field 
of measurement includes the study of radium or mesothorium poisoning. In the medical 
field the measurement of radioactive potassium-40, a normal constituent of living cells, pro- 
vicles the basis for important clinical studies relating to total body potassium levels in health 
and disease, and leading to studies of lean body mass and body fat proportions. Whole body 
counting also provides a new approach to conventional tracer investigations since such studies 
can be carried out at tracer levels far below those hitherto used and investigations can be 
continued for prolonged periods. 
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THURSDAY EVENING—JUNE 18, 1964 
6:00 PM OFFICIAL COCKTAIL PARTY GOLD ROOM 
7:00 PM ANNUAL BANQUET CHURCHILL ROOM 


The Annual Banquet will be served on Thursday night, June 18, 1964 at 7:00 PM. A 
cocktail hour, sponsored by the commercial exhibitors, will precede the banquet at 6:00 PM. 
A reasonable charge will be made for the banquet, amounting in fact to very little more than 
a member would pay routinely for his dinner. Considering that the cocktails and the dinner 
wines will be provided as a courtesy, a member would be out of pocket if he failed to come 
to the banquet. 

The entertainment will consist of background music by Polynesians followed by 45 min- 
utes of Hawaiian and Polynesian dances. There will be an interlude for the presentation of 
awards and, we hope, the introduction of all past presidents. There will be no formal after- 
dinner speaking. 


FRIDAY—7:30-8:45 AM—JUNE 19, 1964 


REFRESHER COURSES 
A-6 Diagnostic Blood Studies—Myron POLLyYcove. (Study A) 


Measurements of red cell volume, conveniently performed with Chromium™ or P®”, are 
helpful in the diagnosis of polycythemia. Simultaneous plasma and red cell volume measure- 
ments, using I* or I’”-albumin together with labeled red cells, are useful in the diagnosis of 
polycythemia, many causes of hyper-or hypovolemia, and as a guide to therapy in hemorrhage 
and shock. 

Vitamin B,, absorption measurements using Co* or Co™-vitamin B,, may be performed 
accurately with a whole body counter or hepatic counting with a scintillation detector probe. 
Other methods involving urine or stool measurements and new functional measurements are 
made of folic or vitamin B,, deficiencies using C'* compounds. 

Survival of circulating erythrocytes may be determined with Chromium™ or DFP”. The 
latter compound does not elute significantly and may be used for survival studies of granulo- 
cytes and platetlets. 

Iron and erythrocyte kinetic studies performed with Fe™ are helpful in providing a func- 
tional analysis of red cell production and destruction including location of the sites at which 
these occur. This technique is useful in distinguishing between extra- and intramedullary 
hemolysis and in selecting patients with anemia for splenectomy. 


A-7 Radioisotope Therapy—HEnry JAFFE (Study B) 


A review of the indications, techniques and results of the following radioisotope treatment 
will be presented: 

1. Radioiodine (I) treatment of hyperthyroidism, euthyroid cardiac disease and 
thyroid cancer. 

2. Colloidal chromic radiophosphate and radiogold for inoperable carcinoma of the 
prostate. 

3. Treatment of chronic cutaneous ulcers with P-32 ointment. 

4, Treatment of bone metastasis secondary to carcinoma of the prostate and breast 
by intravenous radiophosphorus. 

5. Treatment of polycythemia vera and chronic leukemia with radiophosphorus. 

6. Treatment of cancer effusions of chest and abdomen with colloidal chromic 
radiophosphate. 
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A-8 The Medical Radioactive Isotopes—MaArsHALL BRUCER (Study C) 


There are 276 radioactive isotopes that fit purely physical criteria of being adaptable to 
medica] use. Interestingly enough, the historically first radioisotopes (radium and carbon 14) 
do not fit the physical criteria. There are too many radioisotopes available to medicine and 
too much data necessary to the use of each for anybody to remember. Therefore, there has 


to be a system. Some systems are available and are already in use outside of the fields of 
medicine. 


A-9 Effective Audio-Visual Presentation of Data—Jack Fason Gold Room 


The foundations for effective audio-visual presentation of lettered, graphic and pictorial 
data, including: 
. Concept of the A-V idea. 
. Selection of presentation medium. 
. Art-Work Size Standards. 
. Photography considerations. 
Projection essentials. 
Voice and microphones. 


A-10 The Radioiodine Techniques Of Evaluating Thyroid Function—Ervin 
KaPLAN AND Epwin B. MILLER (Study E) 


This refresher course will be concerned with specific techniques employed in making the 
measurements necessary to arrive at a quantitative evaluation of thyroid function. The tech- 
niques to be studied will be organized in relation to the physiologic cycling of I, commencing 
with plasma clearance by the thyroid and kidneys; uptake by the thyroid including anatomical 
localization by scanning. Intrathyroidal metabolism will be exemplified by effective halflife 
studies, while post-release aspects of thyroid hormone will be related to determination of pro- 
tein bound I conversion ratios and red cell binding of triiodothyronine. 

Clearance studies of the labeled hormone from the blood leading to peripheral utilization 
will complete the series of metabolic events. In addition, specific tests of thyroid stimulation 


and inhibitation as exemplified by thyroid stimulating hormone and triiodothyronine depression 
will be described. 


FRIDAY MORNING—JUNE 19, 1964 
DIAGNOSTIC SESSIONS—WHOLE BODY COUNTING 


Chairman, Georce THOMA 


EMPIRE ROOM 


F-1 “Simultaneous Studies Of Sodium, Potassium And Water Spaces In Man.” 
Georce C. Henecar, B. Fritrscu, N. STEFANOvVIC AND F. W. Preston, (North- 
western University, Chicago, Illinois. ) 





A knowledge of the total body sodium, potassium and body water spaces in man permits 
a better perception of the changes in these compartments in disease and in the post operative 
state. 

With more refined counting devices and the use of simultaneous equations, the three 
compartments can be measured simultaneously. 

Total body sodium was measured with NaCl, total body potassium with K“Cl, and 
total body water with H3O. Seventeen patients were studied with the three isotopes. Four 
cirrhotic patients were studied while being prepared for porta caval shunt. Diuretic agents 
and sodium restriction were used to mobilize water and sodium. All measurements were ic- 
peated after the porta caval shunt. 
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Untreated cirrhotics had markedly elevated sodium space (up to four times normal), 
moderately elevated total body water, and a low potassium space (to approximately half the 
normal values). With diuretic treatment and salt restriction, the values for sodium, potassium 
and water spaces were altered toward but never reaching normal values. After porta caval 
shunt, the trend is toward high sodium and water space values with a low potassium even 
while receiving diuretic therapy. 

In patient studied pre and post operatively, the sodium and water spaces show an in- 
crease following surgery while the potassium is decreased. At about the 10th post operative 
day, these returned to normal preoperative values. 


F-2 “Clinical Use Of A Whole Body Counter.” THoRNTON SARGENT AND HirosHi 
Sarto, (Donner Laboratory, University of California, Berkeley, California ) 





A physician frequently sees anemic patients in whom he suspects blood loss is occurring, 
but clinical tests for occult blood in stools are not always reliable and are not accurate quanti- 
tatively. Bleeding may be intermittent, and thus be easily missed, and collection of samples 
is an unpleasant procedure for the patient. The whole body counter is capable of accurately 
measuring blood loss by the very simple and straightforward procedure of injecting Fe® and 
thus labeling the circulating red cells. By calculating or preferably by measuring the patient’s 
blood volume and hemoglobin concentration, the net decrement of radioiron in the body be- 
tween two successive visits to the counter can be converted directly to milliliters of blood loss. 
As we have previously reported, a study of iron loss in ten normal males has established a 
normal daily blood loss of one to two milliliters. Case examples will be presented of patients 
with menorrhagia, bleeding ulcers, ulcerative colitis, congenital hemorrhagic telangiectasia, 
coeliac disease, paroxysmal nocturnal hemoglobinuria, and bleeding of unknown etiology. In 
some of these cases the bleeding was not documented prior to whole body counting. In others 
the quantitative information was important to the physician since the rate of iron loss could 
be calculated to determine maintenance therapy by parenteral iron, or correlated with periods 
of acute hemorrhage or other clinical symptoms. Interpretation of blood loss curves, however, 
is not always unambiguous nor straightforward, and cases of this kind will also be discussed. 


F-3 “Gross Body Composition As A Function Of Chronologic Age.” Tervo Nacatl, 
TakKEsHI IinuMA, AND Tomio Isumara, (National Institute of Radiological 
Sciences, Chiba, Japan. ) 


We have already reported “lean body mass” measurements in patients with periodic 
paralysis by K-40 and tritium dilution. Total body potassium, however, is also of great in- 
terest. 

More than 200 normal male and female subjects aged 6 to 80 years were assayed for 
K-40 in the National Institute of Radiological Sciences, Chiba, Japan human counter. The 
counter has eight 50 x 50 x 15 cm plastic scintillators and thirty-two 5-in-diam. phototubes in 
an iron room. Subjects were laid on a counting bed outside the iron room after taking a shower 
and then wheeled between the detectors. Pulses from detectors were analysed by a 2-channel 
pulse height analyser. K-40 was measured by counting the pulses for a measurement time of 
15 minutes. 

The counter has been calibrated by the measurement of human body phantoms of a 
selected size range that contained a known amount of KCl. The lean body mass was cal- 
culated from the total body potassium content on the basis of a potassium content of 68.1 
meq/kg. Total body fat was calculated as the difference between gross body weight and lean 
body mass. The “Total Body Water” was derived from the “Lean Body Mass” by using the 


10 
Pace-Rathbun formula (LBM = TBW a 


The results showed an interesting dependence on age and sex and were similar to the 
observations reported by Anderson et al. Potassium-40 measurements are valuable in assessing 
growth, sexual maturity, the effects of exercise, aging and senility. 
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F-4 “Radioisotope Pulmonary Function—Studies With Xenon-133.” Geratp L. 
DeNarpo, Major, DonaLp J. Bowes, CapTain, JEROME S. Bropy, Captain, 
Jon B. Giazier, Captain, (Fitzsimons General Hospital, Denver, Colorado. ) 





Xenon-133, an inert radioactive gas with a halflife of 5.27 days and a gamma radiation 
of 81 kev, is suitable for in vivo studies of pulmonary ventilation and perfusion. 

Four motor-driven detectors, one over the anterior and one over the posterior aspect of 
each lung, with 3 x 2 inch crystals and 3 x 1 inch rectangular collimators, scan the lungs to 
determine the quantity of radioactivity over an infinite number of points. The pulses from 
each detector pass through a pulse height analyzer and are recorded on a 20 channel magnetic 
tape recorder, which also records from a spirometer the amount of gas the subject inhaled. 
Each channel is played back through a ratemeter and recorded on an X-Y plotter resulting in 
a count rate profile for each lung. This procedure is repeated during the course of normal 
breathing, equilibrium breathing, perfusion, wash-in, and wash-out of Xenon-133. 

This information is recorded on the magnetic tape in tabular fashion, rather than sequen- 
tial fashion. This arrangement permits the use of electrezic circuitry to manipulate the informa- 
tion. The information from any two channels can be added, subtracted, multiplied or divided 
prior to recording on the X-Y plotter. This is particularly useful in providing the ratio of venti- 
lation-perfusion from each detector. This is the most important single item of information, 
since there is presently no non-radioisotope technique for measuring this relationship on a 
regional basis. 

A digital computer is used to assist in data analysis. Several illustrations of normal and 
abnormal studies will be presented. (Instrumentation, technique and results will also be dis- 
played in a scientific exhibit. ) 


FRIDAY MORNING—JUNE 19, 1964 
THERAPEUTIC SESSIONS 
Chairman, MiLo Harris 
EMPIRE ROOM 


F-5 “Brachytherapy—Past, Present and Future.” D. E. Kautson, (Atomic En- 
ergy Commission, Oak Ridge, Tennessee. ) 





The author defines brachytherapy and discusses some of its early history including the 
initial work done by Marshall Brucer in Oak Ridge. The author points out the need for in- 
troducing greater simplicity into modern radiotherapy equipment and suggests that brachy- 
therapy could be developed into a valuable tool for the modern radiotherapist. It is pointed 
out that brachytherapy utilizes fractions of curies to accomplish the same results as thousands 
of curies in the treatment of cancer. 

Emphasis is placed on the need for a more intensive joint effort by the engineering, scien- 
tific and medical professions to design more practical modern isotope therapy apparatus. 
Properly organized, a joint interdisciplinary team could exploit the full technological potential 
that: exists in each participant’s state of the art. 

Two brachytherapy applicators are described that would utilize liquid isotopes and 
permit rapid and accurate evaluations of dosage distributions on a much simplified basis. 
The applicators would be cheaper, safer and more reliable than most equipment currently 
available with the additional feature that large groups of specialists would not be required 
to administer treatment. 

The author cites comparable accomplishments in other fields of science and technology 
which serve to point out the undeveloped potential in the field of practical radiotherapy. 
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F-6 “Therapy Of Solitary Nodule In Thyroid With I'*!.” Marion F. Macavorti, 
Rosert J. Becker, Invinc F. Hummon, (Radiation Center, Cook County 
Hospital, Chicago, Illinois. ) 





The study shows that a patient may have a normal 24-hr., I" thyroid uptake without 
evidence of hyperthyroidism, but still may have significant demonstrable pathology within 
the thyroid gland that can be effectively treated with radioiodine (I). These patients 
have cardiac manifestations and since the 24-hr., I" uptake is normal, they are not infre- 
quently dismissed from the radioisotope department. We wish to show that it is important to 
know not only the function of the entire gland, but also of small parts of the thyroid. There 
may be a thyro-cardiac factor within the thyroid that is only minute in size and not palpable 
clinically, or a nodule palpable or even visible to the physician. 

The abnormal focus within the thyroid gland can be demonstrated with a simple scan, 
and show hyperfunctioning elements. The rest of the thyroid may be suppressed by the 
hyperfunctioning focus. After I therapy, the abnormal focus may disappear or decrease in 
size with more uniform uptake throughout the thyroid. Although the 24-hr. I" uptake of 
the thyroid may show little change after I’ therapy, the morphological pattern of the 
thyroid may show much change on the scan. 

The importance of decreasing or destroying these hyperfunctioning nodules is to decrease 
or eliminate the thyro-cardiac factor. We have treated 25 patients that had normal I uptakes, 
but the scan showed an abnormality. After I’* therapy, the cardiac manifestations, both sub- 
jective and objective, have disappeared or greatly improved. 


F-7 “The Use Of Intra-Arterial Chemotherapeutic And Radioisotopic Agents In 
Treating Cancer Of The Liver.” Invinc M. ArteEL, AND Georce T. Pack, 
(Pack Medical Foundation, New York City. ) 





This presentation shall discuss the effects of the administration of chemotherapeutic 
agents (phenylalanine mustard, nitrogen mustard, methotrexate, and others) by the intra- 
arterial route for primary and metastatic cancer to the liver. In addition, the use of radio- 
active isotopes, in the form of radiating microspheres containing Yttrium-90 (Y®), ad- 
ministered either into the hepatic artery or interstitially, will be be described. Experiments 
with combined chemotherapy and radioisotope therapy will be presented. Techniques of ad- 
ministration include, the intra-aortic with an ordinary catheter, the intra-aortic using a Dotter- 
Lukas catheter, and administration into the hepatic artery via the gastroepiploic artery, will 
be described. The scans of the liver before and after treatment will be shown and experience 
with 40 patients treated by this regime will be presented. 


F-8 “Localization of Purified I'*°-Antitumor Radioantibodies In Human Brain 
Tumors.” Evcene D. Day, M. STEPHEN MAHALEY, BARNES WOODHALL, AND 
Fewix Pircuer (Departments of Microbiology and Immunology, Neuro- 
surgery, and Radiology, School of Medicine, Duke University, Durham, 
N.C.) 


Based upon methods worked out in animal systems (Day, Prog. Exptl. Tumor Res. 
4:57-97, 1964), the present study has for its objective the delivery of diagnostic and thera- 
peutic amounts of radioactivity to recurring human gliomas through the use of a specific anti- 
body carrier. A necessary adjunct to the study is the delineation of the vascular efficiency of 
individual gliomas through the use of radioantibodies to the vascular antigens of the tumors. 

Individual gliomas are obtained after primary craniotomy, and used as immunizing anti- 
gens to prepare antibodies in rabbits and later as a medium for the purification of radio- 
antibody. To date thirty gliomas and antisera against them have been obtained. Individuals 
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with recurring gliomas, usually about six months after initial surgery, who are suitable can- 
didates for secondary craniotomies, receive an intracarotid injection of 200 microcuries of 
purified homologous I'*-antibody. External brain and total-body scanning are carried out for 
a few days prior to surgery; gross spectrometric scintillation counting of tumor, normal brain, 
and blood are made immediately after surgery; and radioautographs of histological sections of 
all surgical specimens are subsequently obtained. To date five individual studies have 
been made. Unequivocal localization due to antibody was obtained in two cases; borderline 
localization (as compared with I'*-RISA), in two; and none, in one. To our knowledge this 
is the first report on the successful localization of truly antitumor antibodies (in contrast to 
antifibrin ) in a human tumor system. 

Scans, gross-counting data, and radioautographs will be presented in support of these con- 
clusions, and the problems that require solution before the objective can be obtained will be 
discussed. 


FRIDAY MORNING—JUNE 19, 1964 
11:15 AM—BUSINESS MEETING 
THAD P. SEARS, PRESIDENT 


The business meeting will be held Friday morning, June 19, 1964. The committee on 
nominations will report, the election conducted and the routine business of the Society dis- 
cussed. An important item is the adoption of the bylaws revision. All members ha 
revised copy. 

It is easy for the membership to bypass the annual administrative meeting, feeling that 
the officers will carry on and the business of the Society be accomplished without their personal 
attention. Our major aims are scientific. But no society achieves its scientific objectives unless 
supported by sound administration. The amount of background work to be done is incredible. 
The Society needs unity. One of the very best ways to obtain unity is to have every member 
at the business meeting to discuss administration matters and assist in the formulation of 
future policies. 


FRIDAY AFTERNOON—JUNE 19, 1964 
P-3 1:45-3:15 PM—PANEL ON THERAPEUTIC ADVANCES 
GOLD ROOM 
Moderator—Pavut Meapows 


Four outstanding investigators will present evidence to support the usefulness of radio- 
active therapy as the treatment of choice in patients with various malignancies. Dr. Lawrence 
and Dr. Osgood will discuss radioactive phosphorus in chronic leukemia and polycythemia. 
Dr. Maxfield will detail his experiences with radioactive phosphorus in the palliative manage- 
ment of bone metastases from carcinoma of the breast and prostate. Dr. Flocks will support 
the usefulness of interstitial colloidal radioactive gold in certain types of prostatic cancer. An 
open discussion will follow the presentations. 


Joun H. Lawrence—P*? In Polycythemia And Leukemia. 


It has been over 25 years since we did tracer studies in leukemic animals leading to the 
use of P® and other isotopes in the treatment of leukemia and polycythemia vera. Since then 
we have treated over 600 patients. The experience in polycythemia vera shows that this 
disease can be successfully controlled. The life expectancy for these patients is about the same 
as that for treated diabetes or pernicious anemia, the median age at death being 69 years. 
In our total series of 167 chronic lymphocytic leukemia patients, 20% have survived over 
ten years after onset. Thirty-one of these patients are alive today, 15 of them in the interval 
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of 10 to 27 years after onset of symptoms. Where facilities are available for therapeutic 
administration of P*® and adequate followup, it has also proved to be a simple and highly 
acceptable means of treating chronic leukemia. 


Epwin W. Oscoon—P*? In Leukemia And Polycythemia. 


The results of regularly spaced, titrated P* treatment of 303 consecutive patients with 
chronic leukemia and of 101 with polycythemia vera started on P* therapy between January 
1, 1947, and December 31, 1954, compare favorably with results of other methods of treat- 
ment. Among conclusions for which evidence will be presented are: polycythemia is not a 
malignancy; risks of acute leukemia are widely different in polycythemia and lymphocytic 
leukemia, and the important variables as far as within group prognosis are sex and age. 
Males and the older half have the shorter survival. Notwithstanding radiation therapy, more 
than 45 per cent of the 201 lymphocytic leukemia and 38% of the polycytemia patients lived 
past age 70. 


Rus H. Fiocxs—Prostatic Carcinoma. 


2800 patients with prostatic cancer were followed 5 years or more. Of these, 460 pa- 
tients were treated by interstitial irradiation with colloidal solution of radioactive gold. This 
was used as an adjuvant in the management of prostatic cancer. The present technique, the 
complications and the results of this therapy will be outlined. 

In addition to the 460 patients followed over a five-year period, we have another 200 pa- 
tients seen from 1958 to the present time who have given us interesting information with re- 
gard to the value of this therapy. 


J. R. MAxFIELD, Jn.—P** In Metastatic Ca Of The Breast. 


Beneficial in relieving pain and causing reparative changes, the technique is easy to ad- 
ininister, side effects are minimal, and failure of palliative response is small. The use of this 
technique in alleviating the pain and rehabilitating the patients in these categories will be 
stressed, with a comparison between this technique and others. The long time survivals (five 
years or more) are not high, but those from other methods of treatment are either much 
lower or do not exist. The claim for this technique is that it is the best palliative technique for 
the patient with metastatic cancer in bone from breast or prostate; it is not designed as a 
curative technique. 


FRIDAY AFTERNOON—JUNE 19, 1964 
1:45-3:15 PM—PANEL ON SPACES AND VOLUMES 
EMPIRE ROOM 


Moderator—Granvit KYKER 


Spaces and volumes are such inclusive terms in their connotation of physiological geometry 
that selection becomes the first question. In nuclear medicine, isotopic tags should serve as a 
tape measure, assisted by excluding a prominent approach, the art of scanning. A survey 
sampled each chapter of the Society with a good response and considerable duplication. 

The final structure of this panel touches four basic corners of active experimental interest. 
The first inscribes a large tissue always diffuse, sometimes controversial, and never deline- 
able, like a liver or tumor, by scanning. The second corner is ionic and is occupied by an 
ion that had only meager status before its radioisotopic debut. The third corner is a complex 
ionic area and emphasizes hard tissues for which no ordinary tape measure is either adequate, 
convenient, or comfortable. The fourth corner is the shadow out of which questions should 
appear; it illustrates stresses that affect measurements, radiation and function tests. 
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Gerson T. LEsseR AND J. Murray STEELE—Tracer Gases To Measure Total Body 
Fat In Vivo. 


The concept of a fat-free lean mass (FFLM) involved consideration of the mammalian 
body as the sum of: (a) the body fat, which varies from individual to individual and also in 
a given individual depending upon current nutrition; and (b) the FFLM, of relatively 
constant weight in a given healthy adult and of relatively constant composition in all adults 
of the species. If an independent method for determination of total body fat (ether-extract- 
able material) is available, subtraction of this value from total body weight provides an 
accurate measure of FFLM. With simultaneous measure of any component of the FFLM— 
total body water or its subdivisions, exchangeable K, etc.—the proportion of this component 
of the FFLM can be directly calculated. This calculation permits study of changes in the 
FFLM with age or disease processes. 


Measurement of the volume of an inert, highly fat-soluble gas (cyclopropane) absorbed 
from a closed respiratory system of known fixed volume proved satisfactory for the de- 
termination of total body fat in living rats ( 5% compared with extraction of dried tissues 
with ether) and in human subjects. In humans, due to the slower equilibration of the gas 
with body tissues, it was necessary to extrapolate observed absorption data to obtain equilibrium 
values and, from these, values for body fat. The method should enable measurement of 
total body fat with other inert, fat-soluble gases, and Kr has also been successfully used 
for this purpose. At present, preliminary studies with Kr* appear to provide similar results 
to those obtained with stable Kr*. Two groups of normal human subjects—below 40 and 
above 60 years of age—have been studied for total body fat (cyclopropane and/or Kr), total 
body water (dilution of HTO) and extracellular space (dilution of S*O,). Significant age- 
associated changes have been demonstrated in the distribution of water between intra- and 
extracellular compartments. 


Jerry K. Arkawa—Studies of Exchangeable Magnesium In Man. 


Mg* (T,, = 21.3 hr., with high energy beta and gamma emissions) was injected intra- 
venously in tracer doses and plasma clearance, urinary excretion, tissue uptake and specific ac- 
tivities were determined. After about 18 hours, the specific activities in plasma and urine 
showed only a slight gradual increase, suggesting that the infused material had equilibrated 
with the stable magnesium in a rather labile pool, and that further exchange was occurring 
very slowly in a less labile pool consisting primarily of bone and muscle. The labile pool 
in normal subjects ranged between 2.6 and 5.3 mEq/Kg. of body weight, less than 16 per 
cent of the total body content of magnesium. 


I. S. EpELMAN—Isotopic Exchangeability And Osmotic Activity. 


Previous studies indicate that radiosodium exchanges incompletely with bone sodium and 
that radiopotassium exchanges slowly with brain and erythrocyte potassium. The content of 
bone sodium exchangeable with radiosodium is in excess of any reasonable estimate of os- 
motically active sodium based on analysis of bone water. These findings may be interpreted 
to mean that some sodium and potassium are bound to polyelectrolytes (intracellular as well 
as extracellular) and are partially inactive osmotically. Cryoscopic measurements of the ac- 
tivity of intracellular water, however, are consistent with the concept that cellular mono- 
valent cations are completely dissociated and that water is passively distributed between 
fluid compartments in man and other mammals. A linear correlation between serum osmolar- 
ity and the ratio of the sum of exchangeable sodium and potassium to total body water, found 
in an earlier study, supports the concept of osmotic equilibrium and of complete disassociation 
of intracellular cations. A discussion of isotopic exchangeability of sodium and potassium will 
be presented from the standpoint of relationships to osmotic activity. 
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Louis V. Aviot1—Radiation Effects On Space Function Tests. 


The acute effects of therapeutic abdominal radiation on renal function have been evalu- 
ated in ten patients with intra-abdominal or retroperitoneal malignancies by means of con- 
trol measurements before, during and following the radiation period. All patients had normal 
renal function prior to radiation. 

The most significant renal effect of radiation was on the renal plasma flow (RPF), 
which fell progressively during radiotherapy beginning at 400 rads. It proved to be the 
most sensitive and consistent index of radiation damage. 

Transient depressions in the glomerular filtration rate (GFR) at 400 rads were followed 
at 550 to 1,625 rads by increases above the initial values before radiation. At cumulative 
dosages of 2,000 to 2,400 rads a progressive decrease in glomerular filtration rate was 
observed which has persisted up to twelve months after radiation. 

Tubular function, measured as the maximum excretory capacity for par-aminohippuric 
acid (Tmpax), was more variable but a major trend was a decrease during and following 
radiation. 

No definite alterations were observed in the results of commonly employed laboratory tests 
of renal function during and following the radiation period. There were no changes in blood 
pressure, and no clinical evidences of altered renal function in the ten patients studied. 


FRIDAY AFTERNOON—JUNE 19, 1964 
3:30 PM, FIFTH ANNUAL NUCLEAR PIONEER LECTURE 
EMPIRE ROOM 
HONORING 


LORD RUTHERFORD OF NELSON 
(1871-1937 ) 


L-1 Well over 100 years before The Society of Nuclear Medicine, the Prince Consort in 
England had organized the Great Exhibition of 1851 (the First World Fair). A large profit 
was made and turned over to bringing scholars from outlying countries to study at British 
Universities. In 1894 there were two candidates from New Zealand. The first candidate to be 
offered the appointment got married and so the second candidate, Ernest Rutherford, went 
to Cambridge University in 1895, to be one of the first science scholars under Professor 
J. J. Thomson at the Cavendish Laboratories. One of Rutherford’s hobbies was photography. 
In the hands of Crookes and Becquerel, this was one of the main methods for studying 
radiation. Rutherford never pursued the photographic method because of a second interest— 
the use of Hertzian waves. His work on wireless communication—even as a student—was 
simultaneous with the work of Marconi, J. J. Thomson, whose primary interest was in 
the basic characteristics of electricity, shifted Rutherford from Roentgen’s photographic 
demonstration of the emanation to an investigation of the phenomena connected with the 
“electrical” effects of uranium and thorium. This led to the discovery of “transmutation”, then 
isotopes, then the theory of the atom, then nuclear physics. In 1898 Rutherford became 
professor of physics at McGill University, in 1907 he transferred to Manchester University 
and in 1919 he succeeded J. J. Thomson as head of the Cavendish Laboratories at Cam- 
bridge University. Everything in nuclear medicine begins with Rutherford. 


L-2 NorMaAn Hiperry, Pu.D. 


The Fifth Annual Nuclear Pioneer Lecture of our Historical Series will 4 delivered by 
Norman Hilberry, Ph.D., at 3:30 p.m. on Friday, June 19, 1964. The honored scientist 
will be Ernest Rutherford (1871-1937). 
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A special commemorative brochure providing a complete biography of Lord Rutherford 
and Professor Norman Hilberry will be distributed at the 11th Annual Meeting. Dr. Hilberry 
is presently Professor of Nuclear Engineering at the University of Arizona in Tucson and 
recently retired as Director of the Argonne National Laboratory. Dr. Hilberry was associated 
with the group under Professor Fermi which first achieved a self-sustained controlled nuclear 
chain reaction on December 2, 1942. Dr. Hilberry was instrumental in the establishment of 
the Oak Ridge Institute of Nuclear Studies and the Brookhaven National Laboratory. 

He received his A.B. degree from Oberlin College and his Ph.D. degree in Physics from 
the University of Chicago. He has been granted the LL.D. degree by Elmhurst College and 
by Marquette University and the Doctor of Science degree by Monmouth College. He has con- 
tributed widely both to science teacher programs and to youth science activities. Dr. Hilberry 
has devoted much of his attention to the educational responsibility of the governmental agencies 
in particular those of the United States Atomic Energy Commission. He organized and served 
as the first Director of Argonne’s International School of Nuclear Science and Engineering. 
Dr. Hilberry served as the leader of the International Atomic Energy Commission’s first field 
mission. He is a member and has served as an officer of many professional societies. 


SATURDAY—7:30-8:45 AM—JUNE 20, 1964 
REFRESHER COURSES 


A-11 Clinical Laboratory Equipment—Tueopore Fie.bs. (Study A) 


There are problems besetting the clinical radioisotope user in selecting equipment for 
his laboratory. Especially in the small office and small hospital he must evaluate such items 
as sensitivity, accuracy, reliability, convenience and economics against a piece of equipment 
that must have a detector, support, shield, receiver and read out-system. 

The discussion will concern the most commonly employed procedures in radioisotope 
diagnosis and therapy. Suggestions will be made about the routine calibration and mainte- 
nance of the devices. Arguments for and against solid-state devices will be presented. 


A-12 Effect of Radiation On Tissues—I. Mescuan, D. J. Pizzarewxo. (Study B) 


I. Sequence of events following irradiation in relation to time consumed. 
A. Graphic representation of what happens following exposure to radiation. 
II. The concept of Linear Energy Transfer and Mass Energy Transfer (LET and 
MET). 
III. The initial chemical lesion in cellular radiobiology. 
A. The target theory. 
B. Relative biological effectiveness and its measurements. 
VI. Effects at the cellular level. 
V. Biochemical mechanisms for cellular effects. 
VI. Effect of oxygen in radiobiology. 
VII. Comparative radiosensitivity of various tissues. 
. Presentation of slides demonstrating summary radiation effects on tissues by 
internal and external radiation. 
A. Shortening of life span, leukemia induction, cataract formation, damage 
to the embryo. 


A-13 The Measurement Of Radiation Coming From A Patient—Dovctas A. 
Ross. (Study C) 


Two general situations arise: 
1. You give a radionuclide to a patient; after a suitable interval you investigate its 
distribution, or measure its concentration in a metabolically involved organ. 
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2. He has acquired a radionuclide by accident; can he eliminate it from his system 
unaided, and if not, does it threaten his health or life? 


The pitfalls associated with counting geometry, tissue absorption, scattered radiation, and 
pulse-height selection will be discussed, and suitable evasive tactics suggested. The special 
difficulties arising during very low-level whole-body patient counting will then be considered, 
and several illustrative “whole-body spectra” shown. The principles involved will be illustrated 
with pictures of typical external counting systems, linear scanners, area scanners, and whole- 
body counters. 


A-14 Statistics Of Radioisotopes—V. P. Coxiins, C. A. PEaBopy, R. M. Apams. 
(Study D) 


After a simple notation is established and the necessary definitions and formulas 
presented, the Poisson distribution and the elements of sample theory will be presented 
briefly. Development will be by way of discussion, analysis and solution of common problems, 
e.g., what is the relation between the number of counts recorded and the activity in a 
sample, at various levels of counting rate? What is the effect of changing a threshold setting 
in a counter? How can the presence of two radioisotopes be dealt with? 


Finally, how can an understanding of the statistics involved help in presentation of data 
and in calculations of radiation dose? 


A-15 The Radioisotope Technique Of Determining Blood Volumes—R. W. DirEt- 
MAN, P. J. O'REILLY AND GeorcE M. ANDREWS, SR. (Study E) 


The radioisotope technique for determining blood volumes by separate or simultaneous 
methods utilizing radioiodinated human serum albumin for plasma volume, and radioactive 
chromium for the erthrocyte volume, will be presented. 


The technique of isotope dilution by tagging and sampling the medium, permits the 
calculation of volumes. However, no “volumes” could be more difficult to determine than 
blood volume, due to its irregular shape and sometimes only semantic reality. 


In conclusion, the procedures, their sequence and the values of measurements obtained 


will be outlined in this course as they relate to the determination of accurate and reliable 
blood volumes. 


SATURDAY MORNING—JUNE 20, 1964 
PRECLINICAL SESSIONS 
Chairman, NorMan J. Hotter 
EMPIRE ROOM 
S-1 “Design and Properties Of The Duke Whole Body Counter and Scanner.” 


A. P. Sanpers,” F. J. PircHer, AND T. BurFaLo, (Duke University, Durham, 
North Carolina. ) 
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Design: The instrument represents an advancement of the ORINS Linear Scanner. It has 
10 detectors, each with a 2 X 2 inch scintillation crystal. The detectors are arranged in five 
channels across a motor driven table on which the patient is placed. The detectors are colli- 
mated with 2 inches of lead along the assembly and with 1l-inch partitions in between the 
detectors. The 2-inch collimation is variable. The output from each pair of the detectors 
is fed into a pulse height analyzer and from there into a pair of scalers and, finally, into a 
print-out typewriter. The scalers print and count alternately. They record the digital data in 
5 channels along the length axis of the patient’s body. The scalers are advanced by a micro- 
switch which makes contact every 2.3 centimeters the table moves. In addition, all 5 channels 
are fed into a rate meter recorder which gives a profile recording of radioactivity. 

Properties: The efficiency of the detectors and the iso-response curves were determined 
for each channel for various collimator openings. The results show adequate definition of cross 
sections and some definition between the 5 channels. The phantom experiments indicate that 
the efficiency of whole body counting is adequate for clinical work. The resolution is not as 
good as the one provided by focusing collimators, but adequate for gross localization and 
quantitative determination of distribution. 


S-2 “A Diagnostic-Level Whole-Body Counter.” A. C. Morris, Jr., (ORINS, 
Oak Ridge, Tennessee ) 





A whole-body counter measuring an activity range from 100 microcuries down to 0.1 
microcurie is in clinical use. Radiation detection is accomplished by means of four 3- x 3-in. 
scintillation crystals mounted in a collimating lead trough 1% in. thick and weighing 3000 lb. 
The trough-like collimator allows all the crystals to view the entire length of the patient, and 
all detected counts are summed into one input for the spectrometer system. The subject re- 
clines on a special type of X ray stretcher, which is radiolucent and is pushed over the colli- 
mator-detector assembly where the count is made. This counter has the advantage that it 
operates in the same activity range as that of many clinical isotope studies and whole-body 
counts may be performed concurrently with these studies. 


S-3 “Whole Body Counting Of Non-Uniformly Distributed Radioisotopes.” S. 
Genna, M.S., W. DuxsTE!n, R. Jones, AND B. Burrows, (Evans Mem. Dept. 
Clin. Res., Mass. Mem. Hosp., Dept. of Med., Boston U. Med. Center, Boston, 
Massachusetts. ) 


A whole body counter used to determine retention of a radioisotope should permit body 
radioactivity to be measured independently of radioisotope distribution or body size. This 
paper reports an improved method of counting non-uniformly distributed radioisotopes in man. 

The body counter consists of two 4 X 8 inch Nal (Th) crystals suspended above a bed 
in a steel room of 9 inch average thickness. The crystals are positioned one meter apart at 
45° angles and 73 cm above the bed. The subject is counted in the supine and prone 
positions. Of the crystal arrangements considered, this array is least sensitive to changes in 
photopeak count rates resulting from different distributions of radioactivity in the body. 
However, significant variations remained. 

Studies using tissue-equivalent phantoms were made to derive an empirical correction for 
the remaining variation. The correction utilizes the relative magnitude of the counts in two 
separate regions of the spectrum. These are the photopeak region and a lower energy band 
arising primarily from forward Compton scatter of the primary photons. This correction when 

Studies in human subjects with labeled compounds that localize in various body sites 
show uncorrected photopeak count rate variations of up to 25% resulting from changes in 
distribution alone. Application of the correction reduced the variation to + 4 per cent. 
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S-4 “Scintillation Scanning With An Eight-Inch Diameter Sodium Iodide 
Crystal.” Joun G. McAFEe, J. M. Moziey anp H. N. Wacner, Jr., (The John 
Hopkins Medical Institutions, Baltimore, Maryland. ) 





In scintillation scanning with crystals three inches in diameter, resolution has been limited 
as much by statistical variations in count rate as by the optical resolution of the collimators. 
Furthermore, the excessive time consumed for each procedure has prevented the widespread 
application of scanning to large numbers of patients. 

An instrument was constructed with an eight-inch diameter crystal mounted below the 
table top and with a remote X-Y plotter for photo-recording. The sensitivity of detection was 
improved by a factor of 6 compared with three-inch crystals, and by a factor of 2 compared 
with five-inch crystals. For comparable doses of radionuclides administered, the time required 
for scanning procedures could be greatly shortened. This was particularly advantageous for 
cerebral and pulmonary scanning. Alternatively, the resolution could be improved for the 
same interval of scanning time. This enabled the detection of smaller lesions of the thyroid and 
kidney. Linear scanning speeds of 48 inches per minute or greater were used. 

The problems of pulse height resolution, background shielding and detector transport 
for an eight-inch crystal will be discussed. 

In a series of patients, comparative studies performed with both three-inch and eight- 
inch crystal scanners will be shown. 


S-5 “Digital Scintillation Scanner.” C. P. ALFrRey, Jr., J. R. RiseR AND V. Cook, 
(Radioisotope Service, V. A. Hospital, Houston, Texas ) 


An entirely digital scintiscanning device has been developed. This device consists of a 
scaling strip from which the number of counts received during any prescribed period may be 
photographically recorded. In its usual mode of operation a counting period between 0.3 to 3 
seconds is used. At the end of a counting period the number of counts recorded on the scaling 
strip is flashed on to a photographic film (.01 secs.). At the end of the flash the scaler is reset 
to 0 and another counting period begins. The number recorded on the photographic film is 
2 X 3 mm, a size which can be easily read but which allows recording of 6 intervals per cm’. 

This equipment is so designed that every 4th, 10th, or 40th count may be directed to the 
scaling strips and from one to four digits may be recorded for each period. In addition, a means 
of background substraction has been incorporated. 

This recorder has been used to record scintiscans of the thyroid, kidney, liver and brain. 
A digital scintiscan recorder has the following advantages over analog devices: (1) the data is 
presented in a digital manner and therefore each period is independent of the occurrences in 
the preceding period, and (2) the data is in a form which can be evaluated statistically. 


S-6 “The Depth Of Focus Of Converging Collimators.” Benepict CasseEn, ( Uni- 
versity of California, Los Angeles. ) 





In the extreme limiting cases of (1) a single channel collimator and (2) a completely 
spherical symmetric converging collimator, it is obvious that the first, no matter how much 
resolution it is designed to give in a horizontal plane, has no vertical resolution. The second, 
on account of spherical symmetry must have the same resolution in all directions. An analysis 
is presented of the vertical resolution of a finite angle converging collimator as it depends on 
the semiangle of the collimator. The vertical resolution increases rapidly with the semiangle 
of the collimator. The theoretical results are compared with the experimental results obtained 
using a point source of mercury-203 with a large angle, up to 60° semiangle, 2,200 hole 
spherical cap collimator. The vertical resolution, when the full angle is used, is not much 
worse than the horizontal resolution. The depth of focus varies approximately as (1l-cos 6)/(6 
— sin @ cos 6) where @ is the semiangle of the converging collimator. 

A discussion is given of the practical possibilities of scanning in a sequence of vertically 
separated horizontal planes, especially in establishing positions of brain tumors. 
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SATURDAY MORNING—JUNE 20, 1964 
RADIOBIOLOGICAL SESSIONS 
Chairman, Titus Evans 
3:15 PM 
S-7 “Dextran Infusions And Extracellular Volume.” Marcus A. ROTHSCHILD, 


Murray Ornatz AND Sipney S. SCHREIBER, (Radioisotope Service, V. A. Hos- 
pital, and Dept. of Medicine, N.Y.U. School of Medicine, New York. ) 





Plasma volume expansion clearly follows dextran infusions, but little is known concerning 
the effects of dextran on extracellular volume. The plasma volume and extracellular volume 
of the body and liver were determined in 15 control rabbits and in 15 rabbits receiving 1.0 
to 1.5 g dextran daily (av.mol.wt. 184,000) for 14 days. Rabbit Albumin-I** was employed 
to measure the plasma volume, and extracellular volume was determined using C™ sucrose. 
The rabbits were sacrificed and the livers removed within 1-14 minutes following the last 
blood sample. Hepatic plasma volume and extracellular volume were determined from the 
ratios, '" and C™ per g of liver + I and C“ per ml plasma respectively. Dextran infusions 
resulted in an increase in the body’s plasma volume from a mean control value of 3.4+0.1 to 
4.1+0.2% body weight but no change in extracellular volume occurred. The mean hepatic ex- 
tracellular volume increased from 21.8+0.9% to 24.9+1 % wet liver weight due entirely to the 
increase in the hepatic plasma volume. No change in interstitial volume was noted. The present 
studies demonstrate that while the plasma volume for the body and liver increased significantly, 
there was no change in interstitial volume during dextran infusions. 


S-8 “Non-Dialyzable Manganese And Copper Levels In Human Urine.” EvcENe 


L. KANABROCKI, LAWRENCE Case; T. Freips; CLARENCE Decker, Ervin Kap- 
LAN, (Radioisotope Service, V. A. Hospital, Hines, Illinois. ) 





Studies of non-dialyzable trace elements, manganese and copper, in serum (1) and in 
cerebrospinal fluid (2) prompted investigation of these elements in human urine. Purpose of 
this study was to establish levels of non-dialyzable Mn and Cu in urine of normal and abnormal 
subjects by means of neutron activation technique. 

Sixteen apparently healthy male subjects varying in age from 5 through 47 years were 
used in this study. Each of the subjects collected four 24-hour urine specimens. Creatinine 
determinations were performed on these urines to ascertain validity of daily collection. One 
ml aliquots of each urine were dialyzed and analyzed by neutron activation procedures de- 
scribed previously (1). The mean non-dialyzable urine excretion of maganese was 0.98 + 0.46 
ug per day while that of copper was 54.66 + ug per day. 

Forty-seven 24-hour urines were also collected from 10 hospitalized male subjects and 
analyzed for these elements. Diagnoses of these patients were: Myocardial infarction, carcinoma 
of the bladder, Wilson’s disease, cirrhosis and schizophrenia. Creatinine analyses were also 
carried out on these urines. The mean value obtained for daily urine excretion of non-dialyz- 
able Mn and Cu were 3.15 + 1.31 wg and 137.68 + 48.26 wg respectively. 


S-9 “Albumin I'*5 Macro-Aggregates For Brain Scanning. (Experimental Basis 
and Safety)” G. V. Tariin, J. C. Kennapy, M. L. Griswoip, M. M. AKcay, 
AND D. E. Jounson, (Laboratory of Nuclear Med. and Radiation Biology, 
UCLA Med. School, and Dept. of Radiology, Los Angeles County Harbor 
General Hospital, Torrance, California. ) 
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Albumin I'’* macro-aggregates (20-100 «) are trapped in the dog’s cerebral capillaries 
for sufficient time (T,, = 30-60 minutes) following internal carotid artery injection to scan one 
hemisphere of the brain. These large fragile particles are fragmented in the brain and re-enter 
the circulation. Surface, as distinguished from deep seated lesions, cause areas of diminished 
radioactivity in scans performed with the low energy I’* labeled particles. Thereby, the scan 
has potential diagnostic value in localizing superficial lesions which are more amenable to 
surgical treatment. Radiation exposure is less than 10 mrad to the target organ. 

Brain scans in dogs and primates prove the feasibility of the procedure. Physiological, 
histological and behavioral studies following single and repeated scans indicate a considerable 
margin of safety. Patients with metastatic brain lesions or inoperable tumors are to be given 
initial clinical trials. 


S-10 “Absorption of Zn*> In Man And Effect Of Dietary Factors Thereon.” 
Herta Spencer, Isaac LEWIN AND JosEPH SAMACHSON, (Metabolic Section, 
V. A. Hospital, Hines, Illinois. ) 





The metabolic interaction of zinc and other metals, particularly of large amounts of 
calcium, has been shown to result in various abnormalities in animals. The mechanism by which 
the unavailability of zinc is induced in animals receiving a high calcium intake is unknown. 
Little information is available in man on the absorption of zinc from the intestine, and of 
dietary factors thereon. The absorption of zinc from the intestine in man was investigated on 
the Metabolic Research Ward under controlled dietary conditions. Tracer doses of Zn® were 
given orally during low and high calcium intake and the Zn® levels in whole blood, plasma, 
urine and stool were determined. The variability of absorption of Zn® in different persons as 
determined from the plasma levels and fecal excretion during the same calcium intake does 
not seem to be age dependent. The main pathway of Zn® excretion is the intestine. The endo- 
genous fecal Zn® excretion continues for a prolonged period of time and this excretion is higher 
than the urinary Zn® excretion. An approximate 10-12 fold increase in oral calcium intake did 
not result in a significant decrease of intestinal absorption of Zn® in man. The effect of dif- 
ferent protein intake levels on Zn® metabolism was also investigated. 


S-11 “Chromosomal Abnormalities Fourteen Years Following Treatment Of 
Thyrotoxicosis With I'*!.” M. M. Norar, A. Au-SAapi, AND W. H. BEIEr- 
WALTES, ( University Hospital, Ann Arbor, Michigan. ) 





Chromosomal abnormalities have been described in cultured leukocytes shortly after 
I'* treatment for hyperthyroidism and thyroid cancer. We have studied these abnormalities for 
periods of up to fourteen years after I*** treatment of hyperthyroidism. Three groups of subjects 
were examined to date: 1. Controls: (a) 18 non-irradiated controls with no thyroid disease, 
28-78 years of age; (b) thyrotoxic patients treated with surgery only, 24-46 years old. All 
controls showed abnormalities of count = 46 + 2, 5% or less; ploidy 3% or less, achromatic lesions 
2 or less, no chromosomal aberrations. 2. 54 treated hyperthyroids: (a) 42 treated 1950-1961 
using 8-54 mc, aged 26-49 years; (b) 12 treated December 1962 to September 1963, using 
8.3-12.7 mc, aged 27-61 years; blood was obtained before and 30 minutes after the dose. 
Seven of the 12 patients received antithyroid drugs before I'* therapy. 3. 9 thyroid carcinoma 
patients treated January-August 1963 in dosage of 150-200 mc I’* 16-49 years of age; blood 
was obtained before; 30 minutes and 2-48 hours after the therapy dose. The complete blood 
count of all cases studied was normal. 

Conclusions: (1) an increased incidence of chromosomal abnormalities was found acutely 
and to a lesser extent chronically after I’ treatment of hyperthyroidism; (2) the incidence 
and severity of abnormalities was greater after the larger treatment dose used in treating thy- 
roid cancer in the period shortly after treatment; (3) they persisted for the duration of follow-up 
(14 years) in hyperthyroid patients; (4) apparently no chromosomal abnormalities could be 
attributed to the use of antithyroid drugs. 
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S-12 “Generalizations Derived From Radiobiological Experiments With Mam- 
malian Cells In Vitro.” Paut Topp, Ropert TyM, JoHn T. LYMAN AND Cor- 
nELIus A. Tosias, (Donner Laboratory, University of California, Berkeley, 
California. ) 


The radiation response of the colony-forming ability of a long-term line of human kidney 
cells (T1) has been studied under varying physical, chemical and physiological conditions. 
Specifically, the effects of linear energy transfer, anoxia, and potential radiation damage were 
investigated in combination. 

Cultures irradiated with high-speed nuclei of D, He, Li, B, C, N, O, Ne, and A from the 
Berkeley HILAC show an increase of relative biological effectivness (RBE) up to a linear 
energy transfer (de/dx) of about 200 kev/u above which value the RBE decreases with 
increasing dE/dx, but the inactivation cross-section appears to increase to a value somewhat 
greater than the size of the cell nucleus. The RBE is dose-dependent. Survival curves appear 
sigmoid in shape below dE/dx of 200 kev/u and exponential at higher values of dE/dx; 
hence, sublethal damage and cellular recovery are reduced. Anoxic protection against X-rays 
is greater than two-fold and falls below 10 per cent at values of dE/dx greater than 150 
kev/u. No anoxic protection is observed above 300 kev/u. 

Cells bearing iodinated DNA are more sensitive to X-rays and to heavy-ion irradiation 
for dE/dx less than 200 kev/u. These cells experience the same degree of anoxic protection as 
normal cells. Cells bearing sublethal damage acquired by pre-irradiation survive to X-irradia- 
tion in a manner similar to cells bearing halogenated DNA and are charcterized by altered 
growth and metabolism. 

From the experimental data an empirical analytical expression for the dose response 
curves can be obtained and appears to be applicable to all conditions so far studied. 

If the response of single cells is to be considered as a model for radiation therapy, these 
experiments suggest the desirability of pretreatment with iododenoxynucleosides, irradiation 
under aerobic conditions, dose fractionation, and the use of ionizing radiation of inter- 
mediate linear energy transfer, or, alternatively, simple exposure to beams of high dE/dx. 
The choice of conditions cannot be made independently of the nature of the response of the 
biological target and is contingent upon clinical applicability. 


SATURDAY MORNING—JUNE 20, 1964 
9:30 AM—WOMEN’S SCIENTIFIC PROGRAM 
JOSEPH GREENBERG, CHAK MAN 


GRECIAN ROOM #2 


Introduction—JosEPH GREENBERG 


Nuclear medicine is a fascinating specialty which has grown like Topsy since coming 
into its own shortly after the end of the Second World War. It already has done much in the 
fight against disease but we are just beginning to tap its potential. The Women’s Scientific 
Program will outline what it is, how it works, what it costs and what its prospects are for the 
future. 


How This Stuff Works—Joun U. Hipaco. 


The solid foundation of nuclear medicine rests upon the instability of the nuclei of certain 
atoms. The instability of these atoms results in a change to a different kind of atom. When this 
change occurs, it is accompanied by the emission of certain radiations. All of the work in 
nuclear medicine depends upon the utilization of these emissions. 
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Diagnostic Use Of Radioisotopes—Muuarp N. Cro... 


After a warm-up review of current thyroid isotopic procedures, the “newer” radioiso- 
tope diagnostic studies will be discussed in two parts. 

The first part will be the role of Iron-59 and Chromium-51 in evaluating blood dyscrasias 
and will include Ferro-chromo-kinetics and the use of organ localization of the isotopes by 
external counting techniques. 

The second part will cover some of the more recent scintillation scanning procedures: 
spleen with BMHP, bone with strontium- 85, pancreas with Selenium-75, and lung with 
lodinated serum albumin. 


Therapeutic Uses of Radioisotopes—Irvinc M. ARIEL. 


Radioactive isotopes can be incorporated into any chemical and shaped to fit almost 
any physical method of therapy. The concentration of isotopes into a cancer or even the con- 
centration of the radiation of radioisotopes into a cancer depends upon the ingenuity of the 
physician. There are some “well recognized” methods already in common use. For example, 
P* for the treatment of leukemia or bone metastases from breast cancer. There are also in- 
tracavitary methods, intra-arterial and interstitial methods of applying radioisotopes. There 
are many examples of significant, though temporary, improvement of patients. There have 
even been some cures. 


There Is A Teaching Problem Involved—Sy.via Feporuk. 


At this Eleventh Annual Meeting of The Society of Nuclear Medicine, the charter 
members of the Society look back with great satisfaction at the many scientific discoveries and 
technological achievements in the field of Nuclear Medicine. 

It is unfortunate, however, that although we have continuously struggled to carry out 
a satisfactory educational program on both the professional and non-professional levels, the 
results have been most unrewarding. Widespread misunderstanding of the many basic prin- 
ciples in the field of Nuclear Medicine still exists. 


Somebody Has To Pay For It—Epmunp HALLey. 


In order to do the special kinds of diagnostic studies that are available with radioiso- 
topes, and especially to do radioisotope therapy, a physician has to have more than the usual 
medical training. The “radioisotope” physician is a very special kind of a specialist. He must 
use complex and somewhat unusual equipment. Besides repair bills and maintenance costs, 
the physician invariably demands the help of highly trained assistants. The cost of the radio- 
isotope itself might be very inexpensive but it can’t be used as such. Radioisotopes used in 
humans are pharmaceutical and they must be prepared as such with even more care than is 
ordinarily given to drugs. 


“THE FRIENDLY ATOM”—Watt Disney Stvupi0s. 


A % hour film on the peaceful uses of atomic energy. 
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W-1 “Preliminary Evaluation of Color Scanning.” Rosert T. Morrison, Trrus 
C. Evans ( University of lowa, Iowa City, Iowa) 


With a recently developed commercially available color scanning attachment, more 
than 50 color scans have been made of the thyroid, the liver, the kidneys and the brain. 
Iodine-131, Mercury-203 and Gold-198 were utilized. Black on white dot scans and photo- 
scans were made simultaneously with the color scan. On the basis of ease of recognition of 
abnormalities, the color scan was judged to be superior to the black on white dot scan and 
equal or superior to the photoscan. The color scan data is available for examination while the 
scan is proceeding and unlike the photoscan does not require chemical processing before exam- 
ination. The quality of the color scan justifies the additional step in the adjustment of the 
scanner prior to starting the scan. 


W-2 “The Argonne Cancer Research Hospital’s Brain Scanning System.” Rosert 
N. Becx, Donatp B. CHaArLeston, PAuL Eme.serc and Paut V. HARPER 
( The University of Chicago, Chicago, Illinois. ) 


The use of conventional, general purpose, radioisotopes scanning systems for detecting 
brain lesions is limited by the time required. The research scanner described here was de- 
signed to study techniques for minimizing this period without increasing the radiation dosage 
to the patient or sacrificing spatal resolution or statistical reliability. 

The system consists of four scintillation detectors arranged in opposing pairs, which 
scan both sides of the patient’s head simultaneously. These detectors are housed in lead 
shields which accept interchangeable focused collimators designed to give maximum counting 
efficiency for specific gamma energies. Detected gamma pulses are fed to a transistorized elec- 
tronics unit consisting of four pulse height analyzers, together with pulse forming circuits 
for photographic recording on two sheets of film, one for each side of the patient’s head. 
Photopeak gamma pulses from each channel produce bell-shaped spots on film by means of 
pulsed light projectors. 

For each channel a calibration step wedge is produced on the film record by a random 
pulse generator which produces count rates of 100 to 9500 counts per minutes in twenty-six 
steps of 20% increase. This permits a quantitative measure of the count rate at any point on 
the patient’s head. 

Small lights in the center holes of collimators on one side are focused on photodiodes in 
the opposite collimators. Signals produced by this system outline the patient’s head on the 
film record and reverse the scan direction to minimize the time spent in scanning beyond the 


head. 

A dual channel optical sytsem records data relating to the scan (patient’s name, isotope 
injected, scan speed, etc.) on each film record, together with an appropriate LEFT or RIGHT 
mark for unambiguous identification of the film. 

Using Tc”™, and a scan speed of 2.5cm/sec., this system produces pictures of conven- 
tional quality of both sides of the patient’s head in 90 seconds. If the scan time is extended to 
15 minutes, the scan pictures are decidedly improved. 
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W-3 “Quantitation of Dynamic Processes with the Digital Autofluroscope.” 
Merri.t A. BENDER and Monte Biav (Roswell Park Memorial Institute, 
Buffalo, New York. ) 


The detector of the new digital autofluoroscope consists of 260, 2 inch thick, 3/8 inch 
diameter Nal (T*) crystals packed in 20 files and 13 ranks in a 6 X 9 inch array. Each of the 
260 crystals is optically coupled to two plexiglas light pipes with the 20 light pipes from a 
given rank going to one phototube and the 13 light pipes from a given file going to another 
phototube. A pair of pulses occurring simultaneously in a rank phototube and a file phototube 
uniquely identifies the crystal in which the interaction occurred. The position signal derived 
from the phototube array is independent of pulse height. Anticoincidence circuits reject those 
simultaneous pulses arising from a Compton interaction followed by the absorption of the 
scattered radiation in an adjacent crystal. The advantages of this system of data transfer will 
be documented by the presentation of efficiency and intercrystal crossover data. 





The digital nature of the light pipe system permits the use of magnetic core storage with 
subsequent non-destructive continuous readout on a full size CRT and numerical printout for 
quantitative analysis. 


W-4 “Diagnostic uses of the Scintillation Camera.” A. GortscHaLK and H. O. 
ANGER ( University of California, Berkeley, California. ) 





The 11-1/2 inch diameter crystal now used in the scintillation camera provides a large 
enough field of view to image organs normally scanned in humans. 


Renal scintiphotos are obtained with 5-minute exposures after intravenous injection of 50 
uc of Hg Neohydrin. However, in a nine year old child when dose reduction was desired, 
excellent pictures were obtaine:! with 5 uc of Hg and a 15 minute exposure. In about 90% 
of adult patients, both kidneys are visualized in a single picture. 


Renal dynamics have been investigated by taking time lapse movies following injection 
of 150-250uc of I'** Hippuran. 


Multiposition (supine, prone) hepatic imaging is easily accomplished because exposures 
can be made in 5 minutes with a dose of 100uc of I'** Rose Bengal. The examination is com- 
pleted in 1/2 hour or less, before significant filling of the gall bladder or duodenum has oc- 
curred. 


The 10-fold reduction in examination time with the scintillation camera compared to 


scanners will be illustrated by brain scintiphotos taken after conventional doses of Hg” 
Neohydrin and Tc”™, 


W-5 “Scanning the Brain in Cross-Section.” Davmw E. Kun (School of Medi- 
cine, University of Pennsylvania Hospital, Philadelphia, Pennsylvania. ) 





With this method, a pair of detectors makes a sequence of tangential scans at regular 
angular intervals of 15° around the level of the brain under study. In a scanning time of ap- 
proximately 10 minutes, the counting and positional data representing the radioactivity of each 
thin cross-section of the brain is recorded on perforated paper tape. These data are then re- 
generated with time compression to display the section image on the film of an oscilloscope 
camera in approximately 10 seconds. 


The added dimension of depth inherent in a transverse section image has already given 
us clinical information about the distribution of some brain tumors that was otherwise unavail- 
able. The present direction of our investigations will be discussed in view of the potential of 
transverse section brain scanning. 
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Cases with mitral stenosis, valvular, hypertensive, and congenital heart disease, with and 
without decompensation, were examined. Changes in regional blood flow were compared taking 
the flow rate per unit volume of right lower lung as 100%. In normals the upper lobe has less 
flow than the middle or lower lobes both in standing and recumbent position. In compensated 
mitral stenosis the upper lobe has 50% more flow than the lower lobe. In congestive heart 
failure with or without valvular disease the upper lobe also shows an increase in flow (200% 
to 400% of right lower lobe) and returns to normal when decompensation is corrected. 
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WORKS.IN-PROGRESS NEWER METHODS SESSION 
Chairman, Ricuarp E. PETERSON 
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W-6 “Regional Pulmonary Blood Flow in Cardiac and Pulmonary Disorders.” 
Heo Uepa, Masauiro [io and Suicexoro Karara (University of Tokyo, 


Tokyo, Japan. ) 

Quantitative information of pulmonary blood flow can be obtained if a digital dot scan 
is performed after intravenous injection of macroaggregated albumin (particle size more than 
50 ») labeled with I-131 or Cr-51. The regional distribution of the aggregated albumin in 
the organ represents the segmental blood flow provided complete mixing occurs before dis- 
tribution of the material. All the particles are in the capillaries during the first circulation and 
no significant metabolism occurs during the time of observation. 

For the digital evaluation, rapid whole chest scanning (properly selected rates without 
cutoff ) has been performed followed by the regular scan of the lung. The former was used for 
the quantitative analysis of the blood flow in the selected lung fields which are determined by 
the latter scan (and X-ray). 


W-7 “Counting Characteristics of a Medium-Level Whole-Body Counter.” 
Hiorake Kakeunt, R. L. Hayes, ( Japan and Oak Ridge ) 





Preliminary to clinical use, basic measurements are being made on a medium-level whole- 
body counter (ORINS). This counter will be used to bridge the sensitivity gap between high- 
level and low-level counters and will be most useful for clinical diagnosis of the patients 
having activity retentions of 0.1 to 100 microcuries. 

Initial measurements have been made of background counting rate, linearity between 
counting rate and radioactivity, and isoresponse patterns on the stretcher to be used by the 
patients. 

At present, using compartmentalized phantoms, the spectra of various radioisotopes are 
being studied to determine how they vary with the location of the sources. Spectra of point 
and diffusely distributed sources at the top, center and bottom of the phantoms have been 
compared with each other. 

It is anticipated that this study will provide a method for estimating accurately the 
amount of radioactivity in a human body independent of the distribution of the radioactivity. 


W-8 “Preoperative Localization of Parathyroid Adenomata.” JoserH B. Work- 
MAN and Tuomas B. Connor (University of Maryland, Baltimore, Mary- 
land ) 


Since November 1960 eight patients with hyperfunctioning parathyroid adenomata have 
been studied in a search for a satisfactory method of pre-operative localization. 

The major effort has been directed toward increasing the concentration of radio-cobalt 
labeled Vitamin B-12 in parathyroid tissue. The general study plan includes the following: 





A) Pre-operative scintillation scanning using standard medical scanning equipment. 
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B) Tumor identification at the time of surgery, using a small surgical scintillation probe. 
C) The relative concentration of isotope per 100 mgm tissue obtained at the time of 
surgery from tumor, thyroid gland and skeletal muscle. 


Size is probably the most important of the many variables effecting successful tumor 
identification for the relatively small size of the adenomata encountered in this series appears 
to have hampered localization. Positive identification of hyperfunctioning parathyroid aden- 
omata at the time of surgery was possible in 3 patients using a small crystal scintillation 
probe. Concentrations of isotope per 100 mgm of parathyroid tissue exceeded that of other 
tissues by at least a 4:1 ratio in all eight patients. 


W-9 “Localization of I*HSA in Rheumatoid Joints.” Wiutt1am S. MAxFieELp, 
Tuomas E. Weiss, Paut J. Murison and Joun U. Hmatco (Ochsner 
Clinic, New Orleans, Louisiana ) 





Tracer studies with I*HSA in patients with normal joints demonstrate that following the 
I.V. injection there is a transient rise in activity in the wrist and knee joints. At 24-hours 
the count rate has returned to the 1-hour level or below. In the rheumatoid patient the initial 
localization of I*HSA in involved wrist and knee joints is greater than the localization found 
in the normal patient. The increased localization in the rheumatoid patient is maintained at 
24-hours. This increased localization can be demonstrated by scanning as well as external 
counting. Preliminary investigation suggests that the I*HSA localization may be an objective 
method of measuring the state of the disease as the intensity of localization seems to parellel 
the clinical assessment of the degree of rheumatoid activity. The test may prove to be very 
sensitive as higher than normal localization of the I*HSA has been found in clinically 
quiescent joints. 


W-10 “Continuous Regional Blood Flow Measurements by Inhalation of Radio- 
active Xenon.” AtBert E. JoHNSON and Frank Gotan (VA Hospital, 
Coral Gables, Florida ) 


The purpose of the present study is to evaluate the inhalation of radioactive xenon and 
then the continuous external monitoring of its washout as a measurement of regional blood 
flow. The assumptions of constant equilibrium between tissue and venous xenon concentra- 
tion; the wide range of solubility and partition coefficient in various tissues, and homogeneity 
of capillary flow, made a controlled study desirable. 

Anesthetized dogs inhaled radioactive xenon until equilibration in a leg muscle was 
reached. Then the animal was killed by an intracardiac potassium injection and the isolated 
leg was perfused with a pump-oxygenator via the external iliac artery. The venous blood from 
the iliac vein was drained into a bubble oxygenator which removed the xenon and thus 
prevented recirculation. Blood flow was measured with an electromagnetic flowmeter. Changes 
in blood flow from 0 to 220 cc/min. were recorded simultaneously with xenon clearance 
rates and direct flow measurements. The analysis of the data showed that the xenon clear- 
ance did correlate with the blood flow delivered by the pump within 15%. 

Such measurements can probably still be improved if each flow rate is measured separately 
during the first 12 minutes of desaturation when the curve is steeper. Failure to detect 
changes of xenon clearance rate from the muscle of the hind leg of intact dogs after intra- 
venous administration of levarterenol or breathing of increased carbon dioxide concentrations 
is probably due to large collateral arteriovenous shunts preventing the washout of xenon from 
muscle tissue. 
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W-11 “Iron Absorption in Iron Storage Diseases.” H. S. Wuu1aMs, R. S. Wi- 
yiaMs and C. S. Pircuer (The Royal Free Hospital, London, England) 





Iron absorption has been studied using the double isotope technique. “Fe as ferric 
chloride was given in water in the course of a standard meal and “Fe given intravenously as 
labeled plasma. The iron in blood taken two weeks later was electroplated on to copper discs 
and the “Fe and “Fe assayed using a Geiger counter and a beryllium-window proportional 
counter. 

The mean value of iron absorption in 40 normal subjects was 7.5%. 

Sixteen patients with haemochromatosis were studied—some before venesection therapy, 
some during treatment and the rest one year after completion of treatment. Markedly increased 
absorption was found during venesection therapy and in a number of patients studied a 
year later. 

Six out of 12 relatives of patients with haemochromatosis had definitely increased absorp- 
tion of iron and 3 others had absorption at the upper limit of the normal range. 

Finally, absorption rates are presented for a group of 42 patients with cirrhosis. The 
significance of the increased absorption found in 18 of the 42 patients is discussed in rela- 
tion to the pathogenesis of haemochromatosis. 


W-12. “Unusual Iron Deposition in Idiopathic Pulmonary Hemosiderosis and 
Paroxysmal Nocturnal Hemoglobinuria Studied by Fe*® Kinetics.” 
M. Poxtycove, M. Fisu and J. H. Lawrence (University of California, 
Berkeley, California ) 





In most pathologic conditions in which Fe® kinetic studies are performed, sufficiently 
complete information is obtained from external monitoring over only such hematologically 
important organs as the liver, spleen, or bone marrow. However, unusual conditions exist in 
which there is abnormal deposition of iron in organs other than those mentioned, and where 
external monitoring of the involved organs provides critical information in the analysis of the 
disease process. Two of these unusual conditions are Idiopathic Pulmonary Hemosiderosis, in 
which pulmonary deposition of iron occurs, and Paroxysmal Nocturnal Hemoglobinuria, in 
which renal deposition of iron is prominent. 

We have studied 4 cases of IPH with Fe™ kinetics. The prominent findings were related 
to repeated episodic hemorrhage into the lungs. This resulted in a red cell kinetic pattern 
similar to that commonly seen with episodic hemorrhage and blood loss from the body in 
gastrointestinal bleeding, menorrhagia, etc. In two cases the degree of hemorrhage and irre- 
versible iron loss into the lungs was sufficient to produce iron deficiency anemia. External 
monitoring and total body scanning clearly showed the accumulation and persistence of Fe” 
in the lungs following the hemorrhage of radioactive erythrocytes into this organ. 

Four patients with PNH were studied. External monitoring showed a gradual but 
marked accumulation of Fe® in the kidneys achieving a constant maximum, i.e., an equilibrium 
after 2% weeks. In one patient given daily intravenous infusions of dextran, a repeat from 
kinetic study demonstrated no accumulation of radioiron in the kidneys; daily body loss as 
measured with a whole body counter was simultaneously shown to be arrested. In two cases 
the loss of iron from the body through the kidneys was sufficiently severe to result in iron 
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deficiency anemia. The pattern of renal accumulation of Fe®, combined with the iron kinetic 
alysis, is sufficiently unique to make it pathognomonic for PNH. 

The results of iron kinetics studies in these two conditions establish the value of addi- 
ional monitoring, total body scanning, and the whole body counter as adjuncts to iron 
inetics studies in the demonstration of unusual pathways of iron movement. 


W-13 “The Role of Gastrointestinal Mucousa in Iron Excretion.” Ricuarp E. 


PeTerson and Rosert F. Cecu (State University of Iowa, Iowa City, 
Iowa) 


Crosby has suggested that the glandular epithelium in the stomach and duodenum serve 
1s an additional control mechanism in unloading iron above body requirements. To examine 
the clinical evidence for this, all feces were collected for 10 to 14 days after administering 
Fe™®. In four patients given oral doses of 0.5 uc, the daily samples revealed a secondary rise 
in fecal Fe® consistent with the desquamation of Fe® labeled mucousa into the fecal stream. 
This “peak” was noted 8, 9, 11 and 12 days after the dose was administered. Four other 
patients were similarly studied after intravenous doses of 5.0 uc of Fe™®. In these individuals 
the secondary rise occurred on 8, 8-10, 10 and 12 days after the date of the dose. In six non- 
anemic individuals, this secondary rise ranged from 215 to 311 per cent of the average 
fecal Fe® excreted between the 6th and 14th days after dose. A patient with Iron Overload 
Syndrome had a secondary rise equivalent to 540% and a patient with iron deficiency showed 
no secondary rise on one occasion and on repetition a small secondary rise of 140% was noted. 


W-14 “Liver and Spleen Scanning with I'*! Colloidal Albumin.” Mere K. 
Loken, Epwarp V. StaaB and ANDREW SHEA (University of Minnesota 
Hospitals, Minneapolis, Minnesota ) 


I colloidal albumin is presently being used for liver and spleen scans. A comparison 


of these scans is being made to those obtained using colloidal gold-198, I'** Rose Bengal and 
heat treated erythrocytes tagged with Cr. 

We find that the I™ colloidal albumin is taken up by the liver very rapidly after intra- 
venous administration. Its clearance half-time from the liver is approximately one hour. The 
liver clearance does vary somewhat from patient to patient and possible reasons for this are 
being investigated. Because of the rather rapid liver clearance, the scan is normally started 
within 10 minutes after the administration of 2-4 microcuries of I'** albumin colloid per kilo- 
gram. By doing so we obtain acceptable liver scans in most patients although the later 
portions of the liver scan tend to be less well visualized than does the early part of the scan. 
In addition, we find that the uptake pattern of I colloidal albumin tends to be more irregular 
than that seen with either colloidal gold-198 or I'** Rose Bengal. 

The per gram uptake of colloidal albumin in the spleen is usually greater than in the 
liver and its clearance is less rapid than observed for liver. Thus, the timing of the scan after 
isotope administration is less critical and the spleen scans tend to be more satisfactory. 


W-15 “Cardiac Output by Surface Counting by An Automatic Method.” 
Pure C. Jounson, Jr. and Cuartes E. McCut.oucn (Baylor Uni- 
versity College of Medicine, Houston, Texas) 





The radioactive method for measuring cardiac output with a detector placed on the 
chest wall has been shown by several groups to give values for cardiac output which cor- 
relate closely with non-radioactive methods. The radioactive method has the advantage of 
not requiring arterial sampling and/or cardiac catheterization. Others have been unable to 
obtain a satisfactory correlation between the radioisotope method and standard methods. 
Their criticism has generally revolved around the lack of statistical accuracy of the curves. 
For an accurate result, surface counting method requires optimization between the count rate 
and integration constants, careful extrapolation of the exponential downslope through re- 
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circulation and accurate calculation of area by planimeter. Slight mistakes in this extra- 
polation or area calculation can produce significant errors in the cardiac output values 
obtained. To avoid the pitfalls of hand extrapolations we have developed an integrator- 
computor which automatically calculates cardiac output directly from the output of the rate- 
meter or tape recorder thus avoiding the errors and bias of planimetered areas and extra- 
polations estimated by eye. Comparison of the cardiac output values determined by the 
machine with simultaneous Fick and arterial dilution curves shows close correlation between 
the values obtained in dogs and man, including high and low cardiac outputs. 


SATURDAY AFTERNOON—JUNE 20, 1964 
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W-16. “Isotopic Localization of Cranionasal Cerebrospinal Fluid Leaks.” 
Giovanni Di Cuero and Patrick M. Reames (Dept. of HEW, Bethesda, 
Maryland ) 


While the diagnosis of cerebrospinal fluid rhinorrhea is generally quite simple, the assess- 
ment of the leak site may be very challenging. This is due to the fact that meningeal breaks 
may occur in various locations. A pneumoencephalographic localization of such a leak has not 
been reported though in a few instances such a diagnosis has been made using the contrast 
medium, Pantopaque. An innocuous and reliable method of localizing such leaks would repre- 
sent a significant advance considering that even at operation it is difficult to recognize where 
the meninges are disrupted and that successful surgery can only be carried out if the exact 
leak place is recognized. Such a diagnosis of the leakage site has been made by us in 
several cases by scanning of the head after lumbar injection of 100 microcuries of I*HSA 
(I*HSA-Cisternography ). The one and two hours scans after the intrathecal introduction of 
the isotope are the most useful. 





W-17 “The Detection and Localization of Cerebrospinal Fluid Fistulae.” 
Joyce C. Kune, Firavio Putetti, Maxine BENNETT and Joun R. 
Cameron (University Hospitals, Madison, Wisconsin) 





The detection and precise localization of cerebrospinal fluid fistulae are essential for 
adequate surgical management. A simple technique using Na™ injected into the cysterna 
magna and detected on cotton pledgets placed near the ostea of the paranasal sinuses and 
eustachian tubes. Sodium™ diluted in the CSF enters the blood stream rapidly, raising the 
radioactivity level on the pledgets contaminated with blood from minor hemorrhages due to 
the placement procedure. This has led to difficulty in interpretation of the final results in 
several patients The larger molecular size of I'-tagged human serum albumin (I*HSA) pre- 
vents its rapid entrance into the blood from the CSF and avoids this difficulty. 

Cotton pledgets, coded to location by knots in their attached threads, are placed at the 
ostia of the paranasal sinuses and Eustachian tubes. One hundred microcuries of I*HSA are 
injected into the cysterna magna. The patient’s head is then lowered and moved about to 
insure diffusion of the I*HSA in the CSF. He then remains sitting for one to two hours, after 
which the pledgets are removed, placed in test tubes, and their activity determined in a 
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well counter. Pledgets from the involved area show a level of radioactivity twenty to one 
hundred times above that of uninvolved areas. The rise in blood radioactivity during the 
observation period is too small to interfere with interpretation. 


W-18 “Velocity/Time Relationships in the Cerebral Circulation.” Rosert L. 
Bett (VA Center, Wadsworth, Kansas ) 


By measuring velocity of an arterial radioactive bolus at certain convenient sites, it is 
possible to describe a velocity/time relationship for the cerebral circulation. The measure- 
ments are obtained at the carotid input, jugular outpv', and over the sagittal sinus. Normal 
cerebral circulation has a uniform linear velocity-time relationship with a gradient decreas- 
ing from artery to vein. However, with addition of tumor or abscess or subdural hemorrhage, 
there is a distortion of this basic pattern so that the measurements deviate from the normal 
velocity/time relationships and become irregular. This data can be evaluated and correlated 
with serial arteriograms. 





W-19 “Measurement of Brain Circulation Time by an Intravenous Radioisotope 
Technique.” W. H. OLpENDorF and M. Kirano (V.A. Center, Los Angeles, 
California ) 


50 microcuries of labeled hippurate is deposited rapidly into the right heart after injec- 
tion into an anticubital vein, after obtaining venous congestion and total stasis in the arm. 
Stasis is suddenly released and the bolus passes through the cardiopulmonary circulation. A 
portion of the material leaving the heart passes through the brain. Since hippurate is relatively 
non-diffusable in brain it passes on through. The total cranial content is monitored externally 
and the count rate builds up and falls off as a function of the passage of the isotope. 

A reference point for the bolus entering and leaving the brain is established by noting 
the entrance and exit from the brain blood pool of the most concentrated part of the bolus. 
The entrance and exit results in a maximum rate of increase and decrease of the brain isotope 
content and is displayed by directly plotting the first derivative of the count rate obtained 
from the head. This establishes the most common circulation time through the brain. Each 
test is recorded on magnetic tape. 

Over 500 such studies have been performed, including normals and a variety of path- 
ology. Normal ranges will be discussed. The circulation time seems to be lengthened in the 
presence of polycythemia, clinically recognized cerebrovascular diesase, and certain brain 
metabolic diseases. It is lengthened by hyperventilation and shortened by CO, inhalation. 
Arteriovenous malformations cause a shortening. Characteristic curves in normals and ab- 
normals will be presented along with a brief motion picture demonstrating the application of 
the technique. 





W-20 “Use of I’! Iodipamide for Brain Tumor Detection.” Ropert A. NorpyYKE 
and H. Witu1aM Goesert, Jr. (Straub Clinic, Honolulu, Hawaii) 





Labeled substances currently used in conjunction with mechanical photoscanners for 
brain tumor localization have certain disadvantages: Hg’* chlormerodrin gives unnecessarily 
high kidney radiation; Hg” chlormerodrin has a half-life which is too short for practical use 
at reasonable cost; I'** serum albumin subjects the patient to a relatively high total body 
radiation and provides a poor tumor-background ratio. 

I'* iodipamide (Cholografin) has certain qualities which make it theoretically preferable 
to the other materials. It is carried in the blood by albumin and is nonspecifically picked up 
by brain tumors. In addition it has the qualities of a longer physical half-life, a relatively 
rapid excretion via the liver, increased target-nontarget ratio and reduced total body and 
specific organ radiation. 

In a series of patients with suspected brain tumors or other intracranial lesions, we are 
currently comparing several detection methods: electroencephalography, pneumoencephalo- 
graphy, aortography, Hg™ chlormerodrin photoscanning and I™ iodipamide photoscanning. 
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circulation and accurate calculation of area by planimeter. Slight mistakes in this extra- 
polation or area calculation can produce significant errors in the cardiac output values 
obtained. To avoid the pitfalls of hand extrapolations we have developed an integrator- 
computor which automatically calculates cardiac output directly from the output of the rate- 
meter or tape recorder thus avoiding the errors and bias of planimetered areas and extra- 
po)ations estimated by eye. Comparison of the cardiac output values determined by the 
machine with simultaneous Fick and arterial dilution curves shows close correlation between 
the values obtained in dogs and man, including high and low cardiac outputs. 
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W-16. “Isotopic Localization of Cranionasal Cerebrospinal Fluid Leaks.” 


Giovanni D1 Cuiro and Patrick M. Reames (Dept. of HEW, Bethesda, 
Maryland ) 





While the diagnosis of cerebrospinal fluid rhinorrhea is generally quite simple, the assess- 
ment of the leak site may be very challenging. This is due to the fact that meningeal breaks 
may occur in various locations. A pneumoencephalographic localization of such a leak has not 
been reported though in a few instances such a diagnosis has been made using the contrast 
medium, Pantopaque. An innocuous and reliable method of localizing such leaks would repre- 
sent a significant advance considering that even at operation it is difficult to recognize where 
the meninges are disrupted and that successful surgery can only be carried out if the exact 
leak place is recognized. Such a diagnosis of the leakage site has been made by us in 
several cases by scanning of the head after lumbar injection of 100 microcuries of I1*HSA 
(I1*HSA-Cisternography ). The one and two hours scans after the intrathecal introduction of 
the isotope are the most useful. 


W-17 “The Detection and Localization of Cerebrospinal Fluid Fistulae.” 
Joyce C. Kure, Fravio Puietti, Maxine BENNETT and Joun R. 
Cameron (University Hospitals, Madison, Wisconsin ) 





The detection and precise localization of cerebrospinal fluid fistulae are essential for 
adequate surgical management. A simple technique using Na*™ injected into the cysterna 
magna and detected on cotton pledgets placed near the ostea of the paranasal sinuses and 
eustachian tubes. Sodium™ diluted in the CSF enters the blood stream rapidly, raising the 
raclioactivity level on the pledgets contaminated with blood from minor hemorrhages due to 
the placement procedure. This has led to difficulty in interpretation of the final results in 
several patients The larger molecular size of I'-tagged human serum albumin (I*HSA) pre- 
vents its rapid entrance into the blood from the CSF and avoids this difficulty. 

Cotton pledgets, coded to location by knots in their attached threads, are placed at the 
ostia of the paranasal sinuses and Eustachian tubes. One hundred microcuries of I*HSA are 
injected into the cysterna magna. The patient’s head is then lowered and moved about to 
insure diffusion of the I°HSA in the CSF. He then remains sitting for one to two hours, after 
which the pledgets are removed, placed in test tubes, and their activity determined in a 
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well counter. Pledgets from the involved area show a level of radioactivity twenty to one 
hundred times above that of uninvolved areas. The rise in blood radioactivity during the 
observation period is too small to interfere with interpretation. 


W-18 “Velocity/Time Relationships in the Cerebral Circulation.” Rosert L. 
Bett (VA Center, Wadsworth, Kansas ) 


By measuring velocity of an arterial radioactive bolus at certain convenient sites, it is 
possible to describe a velocity/time relationship for the cerebral circulation. The measure- 
ments are obtained at the carotid input, jugular output, and over the sagittal sinus. Normal 
cerebral circulation has a uniform linear velocity-time relationship with a gradient decreas- 
ing from artery to vein. However, with addition of tumor or abscess or subdural hemorrhage, 
there is a distortion of this basic pattern so that the measurements deviate from the normal 
velocity/time relationships and become irregular. This data can be evaluated and correlated 
with serial arteriograms. 


W-19 “Measurement of Brain Circulation Time by an Intravenous Radioisotope 
Technique.” W. H. OLpENvorF and M. Kitano (V.A. Center, Los Angeles, 
California ) 


50 microcuries of labeled hippurate is deposited rapidly into the right heart after injec- 
tion into an anticubital vein, after obtaining venous congestion and total stasis in the arm. 
Stasis is suddenly released and the bolus passes through the cardiopulmonary circulation. A 
portion of the material leaving the heart passes through the brain. Since hippurate is relatively 
non-diffusable in brain it passes on through. The total cranial content is monitored externally 
and the count rate builds up and falls off as a function of the passage of the isotope. 

A reference point for the bolus entering and leaving the brain is established by noting 
the entrance and exit from the brain blood pool of the most concentrated part of the bolus. 
The entrance and exit results in a maximum rate of increase and decrease of the brain isotope 
content and is displayed by directly plotting the first derivative of the count rate obtained 
from the head. This establishes the most common circulation time through the brain. Each 
test is recorded on magnetic tape. 

Over 500 such studies have been performed, including normals and a variety of path- 
ology. Normal ranges will be discussed. The circulation time seems to be lengthened in the 
presence of polycythemia, clinically recognized cerebrovascular diesase, and certain brain 
metabolic diseases. It is lengthened by hyperventilation and shortened by CO, inhalation. 
Arteriovenous malformations cause a shortening. Characteristic curves in normals and ab- 
normals will be presented along with a brief motion picture demonstrating the application of 
the technique. 





W-20 “Use of I’*! Iodipamide for Brain Tumor Detection.” Ropert A. NorpyKe 
and H. Witu1aAM Goesert, Jr. (Straub Clinic, Honolulu, Hawaii) 


Labeled substances currently used in conjunction with mechanical photoscanners for 
brain tumor localization have certain disadvantages: Hg** chlormerodrin gives unnecessarily 
high kidney radiation; Hg“ chlormerodrin has a half-life which is too short for practical use 
at reasonable cost; I'* serum albumin subjects the patient to a relatively high total body 
radiation and provides a poor tumor-background ratio. 

I jodipamide (Cholografin) has certain qualities which make it theoretically preferable 
to the other materials. It is carried in the blood by albumin and is nonspecifically picked up 
by brain tumors. In addition it has the qualities of a longer physical half-life, a relatively 
rapid excretion via the liver, increased target-nontarget ratio and reduced total body and 
specific organ radiation. 

In a series of patients with suspected brain tumors or other intracranial lesions, we are 
currently comparing several detection methods: electroencephalography, pneumoencephalo- 
graphy, aortography, Hg’ chlormerodrin photoscanning and I iodipamide photoscanning. 
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W-21 “Radiobiological Differences Between I'*! and I'** in the Mouse.” Wu.- 


LIAM J. SCHINDLER and Rosert A. LieBect (Baylor University College 
of Medicine, Houston, Texas ) 





Single injections of 2, 5, 20, 50 or 200 uc I or I'’* were given to 674 Swiss mice (both 
sexes) and radiobiological effects on the thyroid were studied from 1 day to 9 months follow- 
ing the injections. Histological studies showed that 200 uc I" resulted in total destruction of 
thyroid gland within 7 days with earliest signs of cellular damage noted at 3 days. 50uc I'™ 
caused partial thyroidal destruction by 14 days. 200 uc I’ caused only minor morphological 
changes (during comparable periods) which were reversible. Mice given 200 uc I’ showed 
the following physiological defects at the times indicated after injection: a) 48 hours.—in vivo 
release of radioactivity from the gland markedly accelerated and slope of release curve acutely 
changed indicating “pouring out” of glandular contents due to damage. b) 6 days—inability of 
the thyroid gland to respond to TSH. c) 8 days—activity of the thyroidal “iodide pump” com- 
pletely absent (T/S ratio 0). d) 3 mo. and 7 mo.—majority of animals showed no thyroidal 
uptake, however 2 animals did take up some iodine but could not retain it. All other animals 
showed normal thyroidal activity by these criteria of release curves, response to TSH, T/S 
ratios and thyroidal uptake. T/S ratios were done using Tapazole® to block organic binding 
and then, one hour before killing, the other radioisotope was injected to measure inorganic 
iodide in the thyroid and serum (I'* and I'* were countered simultaneously using gamma ray 
spectrometry and a well-type scintillation counter). Much of the energy of I'* (conversion 
and Auger electrons) would be absorbed very close to their point of origin; therefore may be 
treated as “f-iike radiations” for dosimetry. In spite of this, I’* produces less thyroidal 
radiation damage than I. 


W-22 “In Vivo Mobilization of Barium-137m.” R. L. Hayes and J. E. Cartton 
(Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tennessee ) 


Cesium-137 (T,,= 30 y) decays by pure beta emission to Ba“ (T,,= 2.6 min), which 
in turn decays mainly by gamma emission to stable Ba’. Daughter Ba‘ is distributed in the 
rat in a pattern different from that of parent Cs”, even though the half-life of Ba” is quite 
short. Conceivably, the excess of Ba“ in blood might be used as a diagnostic test of the 
rate of blood flow and of general metabolic rate. Its determination in the blood would be a 
measure of the mobilization rate of Ba" from muscle tissue, which in turn might be governed 
mainly by the rate of blood circulation through muscle tissue, although other factors such as 
cell permeability, lymph flow, etc. could be of importance as well. 

Studies with rats have shown that the Ba’"™ to Cs™ ratio of blood taken from the aorta 
rises with time after intravenous administration of Cs“. This is apparently caused by a more 
rapid drop-off of Cs“ activity in the vascular compartment as compared to that in the extra- 
vascular compartments. On the other hand, the percentage of extravascular Ba” mobilized 
into the vascular compartment was found to be constant. States of anesthesia, hypothermia, 
and hyperthermia in the rat have produced significant differences in the percentage of Ba” 
mobilized. 
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W-23 “Calcium-45 Metabolism and Osteoporosis in the Dystrophic Mouse.” 
Josern L. Rasinowitz, Caro. ANN We tsH and Connie R. CEcALAs, 
(VA Hospital, Philadelphia, Pennsylvania ) 


By the use of 1 microcurie of Calcium-45 chloride injected intraperitoneally, 72 hours 
prior to sacrifice into dystrophic mice and their littermates, osteoporosis of the long bones of 
the dystrophic mice was readily confirmed by autoradiography and microroentgenology. Dur- 
ing this work it was observed that mock surgical trauma changed the uptake of Calcium-45 
in various tissues. This work also indicated the existence of differences in Calcium-45 uptake 
of the various tissues of the dystrophic mice as compared to the tissues of the littermates. 
It was observed also that the salivary glands (parotid) of mice showed the largest calcium 
uptake of any of the tissues studied. We are presently attempting to determine by ultra- 
centrifugation the ratio of plasma calcium in its protein-bound and protein-free fractions in 
both the dystrophic mice and their littermates. 





W-24 “An Approach to the Detection of Occult Pigmented Melanoma.” M. S. 
Bots, Jr. (Stanford University School of Medicine, Palo Alto, California ) 


Pigmented melanoma tissue differs from other normal or abnormal tissues in one unique 
respect: its relatively high rate of melanin synthesis. Many tissues including the choroid of 
the eye, the substantia nigra, and probably the pineal body, appear to synthesize this pig- 
ment at a low rate. The skin synthesizes melanin at a somewhat higher rate in order to com- 
pensate for the loss of pigment by exfoliation. 

Using C-14 labeled dihydroxphenylalanine (DOPA), a precursor of melanin (and epi- 
nephrine) synthesis, the distribution in the various tissues of mice with transplanted melano- 
mas, has been studied. The distribution of radioactivity in mice with the Harding 
Passey melanoma has been found to be similar to that reported by Hempel and Deimel but 
for a spontaneous mouse melanoma and which is more highly pigmented, the tumor uptake 
is very pronounced. The specific activity of this tumor following a single dose of C-14 DOPA 
is found to be from 10 to 100 times the activity in the spleen or liver. Our interpretation is 
that the selectivity of uptake of the precursor into the pigment is proportional to the rate 
of pigment synthesis. 

In order to use this approach for. the detection and localization of pigmented melanomas 
and their metastases, by scanning, it is necessary to have a gamma emitting isotope which is 
incorporated into a suitable melanin precursor. 


W-25 “Degradation of C‘'-Labeled Thymidine and Its Halogenated Analogs in 
Man.” Joseru P. Kriss, RicHarp K. SHaw and Nixxi Epmunps (Stanford 
University, School of Medicine, Palo Alta, California ) 


The rate and extent of degradation of 2-C“-thymidine (TdR), 2-C'-bromodeoxy-uridine 
(BUdR), and 2-C‘-iododeoxyuridine (IUdR) have been compared in 11 adult patients after 
the intravenous administration of 10-20 uc doses of each compound, utilizing an apparatus 
which continuously monitors and records CO, content and C™ activity in the expired breath. 
Measurements were made for a period of 60-90 minutes after injection of the labeled com- 
pound. The output data from the detectors was analyzed manually and was also programmed 
for computer analysis. The curve of decline in C“O,/C“O, specific activity with time could 
be reserved into 2 exponentials, the slower of which had a mean T % of 84 minutes for TdR 
and about 60 minutes for BUdR and IUdR, probably representing the degradation rates of 
the breakdown products thymine and uracil, respectively. 

During the first hour after injection, the mean percentage C™ recoveries in the breath 
were 40, 38, and 46 for TdR, BUdR, and IUdR, respectively. The total mean C™ recoveries, 
usually complete within 8 hours, were calculated to be 92, 66, and 94 per cent, respectively. 
In every patient, the total recovery of C™ after injection of C'-BUdR was lower than that 
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after TdR or IUdR administration. The urinary excretion of C“ was low after injection of 
each of the labeled compounds, averaging about 2% of the administered dose, with a range 
of 0.1-5.3%. The calculated mean net bodily retention of TdR, BUdR, and IUdR under these 
non-loading conditions was, therefore, about 6, 32 and 4 per cent, respectively. Preliminary 
observations indicates that bodily retention of these compounds may be significantly in- 
creased in patients with myeloproliferative diseases. These results have important implications 
for the systemic use of the halogenated thymidine analogs as antivirus agents or as radiosensi- 
tizers. 


W-26 “Differential Diagnosis of the Megaloblastic Anemias Using C* Histi- 
dine, C‘' Proprionate and C1'O, Breath Analyses.” M. Fisu, M. Potty- 


cove and T. V. FeicuTmem (University of California, Berkeley, Cali- 
fornia ) 


Folic acid deficiency results in the inability to transfer the 2 (ring) carbon atom of 
histidine to the one carbon pool where it would either be oxidized to CO., or incorporated into 
nucleoprotein, or other relatively fixed body constituents. Likewise, vitamin B,, deficiency 
results in the inability to convert proprionate into succinyl-CoA. When the 2-carbon atom 
of proprionate is incorporated into succinyl-CoA, it subsequently is either oxidized to CO,, 
or incorporated into heme or other relatively fixed body constituents. Thus, theoretically, 
patients with folic acid deficiency should have impaired ability to form C™“O, when given 
histidine-2(ring)C™ and patients with vitamin B,, deficiency should have impaired ability to 
form C“O, when given proprionate-2 C14. We have found this to provide a rapid accurate 
way to differentiate the megaloblastic anemias due to either folic acid deficiency or vitamin 
B” deficiency. 

When 25 microcuries per 0.5 mg of C"-histidine was given intravenously to two normal 
subjects and 19 subjects with megaloblastic anemia, and the pattern of C“O, production was 
studied with the C“O, breath analyzer, the following results were obtained for the cumulative 
C™ excreted in the breath during the first 60 min. (expressed as per cent of injected dose): 
two normal subjects 1.12 and 1.18%; eleven vitamin B,, deficient subjects 0.48-1.71%; eight 
folic acid deficient subjects 0.06-0.35%. In addition, six patients who previously had megalo- 
blastic anemias of either etiology, but who were in remission under specific therapy at the time 
of the study, had a cumulative excretion of 0.79-1.34% in twenty minutes. Thus, this test 
clearly differentiated patients with folic acid deficiency from normal subjects, vitamin B,, 
deficient subjects, or patients with megaloblastic anemia in remission under specific therapy. 

Similarly, the administration of 25 microcuries per 0.25 mg of proprionate-2C™ to vita- 
min B,, deficient patients resulted in a pattern of C“O, excretion clearly distinguishable from 
the normal. 
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W-27 “The Metabolism of I’*'-Insulin in Patients with Diabetes Mellitus.” 
Suiceru TanaKA and Kempo Tsukamoto (Japan) 





0.8 ue of I*-insulin per kg body weight was injected intravenously in 15 diabetic 
patients treated with insulin, in 15 patients without insulin and in 10 non-diabetic controls. 
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Four scintillation detectors were placed on the regions of heart, liver, muscles (lower 
mb), and urinary bladder, and activities recorded continuously for 30 minutes. In some 
atients a profile-scanning was done at %, 2, 4 and 24 hours. Heparinized whole blood was 
ithdrawn at 5, 30, 60, 120 minutes, and 24 hours. The disappearance of I*"-insulin in the 
lasma was determined by counting the TCA precipitate in a well type scintillation counter. 

The radioactivities recorded from the regions of heart and muscles showed a temporary 
crease followed by a gradual increase, even though the amount of I"*-insulin in the blood 
lasma was steadily decreasing. The curve obtained from the region of liver had a similar 
ittern to a radioisotope renogram, indicating that I'-insulin was taken up by the cells of 
ver and then excreted or degraded. In the profile-scanning, the majority of I“* was located 
, an area of liver at 30 minutes. At 2 hours, approximately one-half of I was shifted to the 

:egion of the urinary bladder. 

The diabetic patients with insulin treatment had less radioactivity in the area of liver and 

iuscles than diabetic patients without insulin and non-diabetic controls. The disappearance 
of I-insulin from the blood plasma was much slower and the excretion of I‘ in the urine 
was much lower in diabetic patients treated with insulin. It was also found that much more 
Iinsulin was bound to plasma protein in these patients by means of a sephadex column. 


W-28 “Relative Incorporation of Antimony from Tartar Emetic and Astiban by 
Schistosoma Mansoni and Schistosoma Haematobium.” A. ScHULERT, 
E. McConne.it, H. Browne and Z. Farw (Nashville, Tennessee and 
Cairo, Egypt) 


Through the use of tartar emetic (potassium antimony tartrate) and astiban (sodium, 
antimony, 2, 3-meso-dimercapto-succinate) labeled with antimony-124, the uptake of anti- 
mony by Schistosome worms and ova is readily determined. When astiban is given to a 
hamster infected with Schistosoma mansoni the uptake in male worms is about one-third that 
of liver, female worms about equal to liver, but the uptake in the Schistosome ova is 
ten times that of the female worms. 

The comparative fate of antimony from tartar emetic and astiban were compared in ham- 
sters infected with S. mansoni and others infected with S. haematobium. In addition, the 
comparative antimony uptake of S. haematobium ova excreted in the urine of patients treated 
with tartar emetic and astiban was determined. Both male and female S. mansoni worms 
take up about 70 per cent more antimony from tartar emetic than from astiban. The relative 
antimony uptake by S. haematobium ova which are collected in the excreted urine of man 
is more than ten times greater with tartar emetic than with astiban. 

The findings suggest that tartar emetic is the more effective drug, although astiban has 
the advantage of intramuscular administration whereas tartar emetic must be given intra- 
venously, 


W-29 “Turnover of Tritiated Water in Mycobacteria (B.C.G.).” JoserpH STERN- 
BERG and ARMAND MERCIER ( University of Montreal, Montreal, Canada) 





Tritiated water was added to a Sauton medium in a concentration of 40 microcuries per 
ml; the medium was inoculated with B.C.G. and the distribution of tritium was determined 
in the cells harvested at 21 days after inoculation. 

The T,O constituted a label for 94.2% of the hydrogen in the culture medium, the 
remaining 5.8% originated from glycerin and to a far lesser extent from asparagin. 

In the microbial cells, the specific activities of the lipids far exceeded that of the water- 
soluble components and insoluble cell residues (respectively 0.735, 0.107 and 0.220). 

The analysis of the microbial constituents shows that water has a significant role in the 
pathway of lipidic elaboration since close to 75% of the H atoms are provided by H or OH; 
n the other hand, only 10% of the residues originate from water. 
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This result suggests that lipidic synthesis in microbe involves the same exchange with 
water as that in animal tissues, at least in the metabolic pathway of cholesterol. 


W-30 “Radioalbumin Macro-Aggregates for Lung Scanning.” G. V. Tapuin, M. L. 


Griswo Lp, D. E. Jounson, H. S. Kaptan and M. M. Axcay ( University of 
California, School of Medicine, Los Angeles, California ) 





Human lungs may be scanned immediately after intravenous injection of 100-200 uc of 
5-25 yw size radioalbumin aggregates because they are temporarily trapped in the lung capil- 
laries (T,, = 1-2 hours). Apparently these fragile clusters of loosely bound fine particles 
become fragmented in the lung capillaries and return to the general circulation. Then with 
each subsequent passage of blood through the liver-spleen the small particles are extracted 
with high efficiency, mainly by the liver’s Kupffer cells which rapidly digest the albumin and 
release the iodide label to the circulation. 

Extensive studies in 40 rabbits and 100 dogs have demonstrated the feasibility, low 
toxicity and wide margin of safety for performing human scans with this test material. The 
minimum dose (15 mg/kg) of macro-aggregates, which produces only occasional transient 
alteration in pulmonary hemodynamics in dogs (by serial radiocardiography), is at least 
150 times larger than the dose (< 0.10 mg/kg) used for human scans. 

Clinical trials were initiated in patients with primary and/or metastatic lung cancer. 
They were then extended to patients with a wide variety of lung diseases and finally to 
individuals with normal lungs but other serious diseases. No reactions to the test agent were 
encountered in the 150 patients scanned. The dose of carrier albumin did not exceed 0.2 
mg/kg and the calculated radiation exposure to the lung from 100-200 uc of I is 75-150 mr 
and about 20 times less for I. 

Pulmonary emboli and many other lesions which produce regional ischemia in the lung 
are detectable in the scan as areas of decreased radioactivity. On this basis the lung scan 
itself has diagnostic value. It also aids interpretation of chest films and pulmonary arterio- 
grams. 


W-31 “Tc°" As a Radiocolloid.” Paut V. Harper, KAturine A, Laturop and 
Powe. Ricuarps (The University of Chicago, Chicago, Illinois ) 





The desirable physical characteristics of Tc": 6-hour physical half-life, near absence 
of particle radiation, clean 140 KEV yu ray and ready available on a generator as daughter of 
2.8 d Mo™, stimulated a search for a method of preparing this material as a radiocolloid for 
scanning of liver, spleen and possibly bone marrow. An inert stable colloid of elemental sulfur 
has been produced by passing H.S through 1 N HC1 solution. Tc”™ present as pertechnetate is 
precipitated along with elemental sulfur possibly as the sulfide Tc,S,. In the presence of a 
protective colloid, 0.5 to 1% gelatin, the sulfur remains in colloidal form with a particle size 
of 50 to 150 mp as determined by passage through millipore filters. Unreacted TcO, is 
removed by rapid passage through IR-4B anion exchange resin washed with 1 N HCl. The 
solution is then diluted 1:5 with 1% gelatin for intravenous administration. 0.25 ml admin- 
istered to a mouse (equivalent to 500 ml to a human) caused no apparent ill effect even 
though residual H,S is present. The half-time for disappearance from the circulation is 2 to 3 
minutes (dog), with 70 to 90% recoverable in the liver (mouse, dog), 5% in the spleen 
(mouse). Liver scans of superior resolution were obtained in patients with a variety of liver 
diseases. It was found necessary to block the right phrenic nerve to eliminate respiratory 
motion in order to take full advantage of the method. Count rates of 20,000 to 50,000 per 
minute were obtained with 2 millicurie quantities of isotope when using collimators of reso- 
lution usually suitable only for thyroid scanning. Estimated radiation dosage to the liver was 
400 millirad/millicurie. Excretion of Tc”™ activity was 3% in the urine in 48 hours. Fecal 
excretion was barely detectable. It seems likely that it may be possible to incorporate other 
radionuclides in the sulfur colloid as metallic culfides. 
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V-32 “Radiochemical Purity, Internal Dosimetry and Calibration of Tc®™.” 
E. M. Smiru (National Institutes of Health, Bethesda, Maryland ) 


The radiochemical purity of Tc”™ is being evaluated as it is eluted from the BNL gen- 
rator. Also, radiochemical separations are being made, and the efficacy of these are being 
valuated. 

Internal dose calculations have been made for oral, intravenous and intrathecal adminis- 
ation of Tc”™ as the pertechnate ion. These calculations are based on the limited data per- 
lining to the distribution of Tc”®™ as the pertechnate ion in humans and are currently being 


ipplemented by our own studies. The following table indicates the approximate dose to 
ious organs. 





Dose to Organs (mrads) 





Route of Activity 


Entry of Gonads 


Tors Central Upper 


Nervous | Stomach Large 
Female System Intestines 














Oral 10mc 62 128 2,545 





Intravenous 1 mc 10 13 











Intrathecal 1 mc ( 10 12 254 30 























Ionization chamber and scintillation spectrometry techniques are being evaluated for the 


assay of Tc®™. The calculated value for the gamma dose-rate constant is 0.56 r-cm*/hr-mc at 
1 cm. 





SCIENTIFIC EXHIBITS 


E-1 Intra-Arterial Particulate Radioisotopes to Treat Advanced Cancer. Epcar 
D. Gray AND Tuomas R. No an (Ferst Research Center, Piedmont Hospital, 
Atlanta 9, Georgia ) 


Yttrium-oxide made radioactive as Y-90 particles, size 6 to 100 microns are pictured 
and demonstrated in reality. They are shown microscopically, as isolated particulate material. 
Photo micrographs containing trapped Y-90 particles in small blood vessels of tissues are 
demonstrated. Autoradiographs of organs containing many homogeniously trapper radioactive 
particles without damage to normal tissue are presented. (Patients and Animals). Arterio- 
grams (X-Ray reproductions) demonstrate canulae in vessels of cancer patients leading to 
pelvic organs, liver, lung segments, placed for injection of radioisotopes. Photographs of 
illustrative patients and a summary of 50 patients treated are presented. 

This work has been supported by Piedmont Hospital, Georgia Institute of Technology, 
Abbott Laboratories and the Atomic Energy Commission. 


E-2 Abnormal Karyotype Findings in Human Resulting from X-Ray, I'*! Therapy 
and Chemotherapeutic Agents. CHarLes T. KNorpr, Cartos E. NAsjLeTI, 
H. H. Spencer, Rosert Rapp ( Veterans Administration Hospital, Ann Arbor, 
Michigan) and J. J. Hrviker (Assistant Chief Medical Director of Dentistry) 
(Central Office, Washington, D.C.) 


This exhibit demonstrates the effect of radiation and/or chemicals on the genetic mech- 
anism of human leukocytes. One of the greatest challenges to contemporary scientists is to 
find the mechanisms by which these biological effects are produced. As yet, only a general 
pattern can be seen which links the effects of radiation and chemicals with the biological 
changes in cells. We are also able to present two practical techniques that resulted from our 
experiences: 1. A simple and rapid method of preparation of chromosomes from human 
leukocyte cultures. 2. A practical method of utilizing individual cell microphotographs for 
reading and interpretation of chromosomal aberrations. 


Exhibit Components: (5 panels) 


Cell Division Cycle ( Mitosis ). 

Technique for the Preparation of Chromosomes. 

Normal and Abnormal Karyotypes. 

Damage to Chromosomes from Radiation, I" and Chemotherapy Agents. 
Credits. 


E-3 and E-4 Scintiscanning of the Lung Using Aggregates of lodinated Human 
Serum Albumin. J. L. Quinn, III, J. E. Wairtey, R. W. Pricnarp and A. S. 
Hupspretu (Bowman Gray School of Medicine, Winston-Salem, North Caro- 
lina ) 


By changing the pH and temperature of iodinated human serum albumin, Taplin et al. 
developed a method of producing aggregates of various predictable sizes. 

Introducing these aggregates of 50-100 micron sized particles into the venous system 
results in their being held up temporarily in the pulmonary arteriolar bed. A photoscan im- 
mediately after injection will outline the integrity of this bed. An obstruction to the ar- 
terial flow from any cause (neoplasm, embolus, nodal, etc.) will be evidenced similarly by 
decreased activity in the involved areas. 
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This method has outlined experimental infarcts in dogs. 
The details of compound preparation and experimental infarct production are pre- 
sented. 


Our initial clinical experience and the possible future applications of this diagnostic pro- 
cedure are illustrated. 


E-5 and E-6 In Vitro Measurement of Thyroid Function Using Resin-Impreg- 
nated Polyurethane Sponge. Davw J. Cartson, Davi J. LaAFonp AnD 
Marie B. HEINEN AND SUZANNE CARROLL (Milwaukee Hospital, Milwaukee, 
Wisconsin ) 


The exhibit by photograph (color transparency) will outline procedure used in Resin- 
Sponge Tri-iodothyronine test (Triosorb)®. Three hundred forty (340) determinations were 
performed in duplicate. Statistical analysis will demonstrate distribution studies, normal ranges 
ind values, and standard deviation. Comparable data is available for I’ uptake, RBC-T3 
uptake and protein bound iodine in % or more cases. Comparative studies (scattergrams) will 
be shown comparing Resin-Spong T3 values with values of the other procedures. A short 
summary of history of thyroid testing procedures will be shown. Indications and advantages 
of this procedure will also be given. 


E-7 and E-8 Detection of Occult Bone Metastases by Photoscanning with Radio- 
strontium. Davw M. Sxiarorr, N. Davin CHARKES, AND J. GERSHON-COHEN, 


(Albert Einstein Medical Center, Philadelphia, Pennsylvania ) 


Conventional roentgenography frequently fails to detect metastatic carcinoma to bone. 
The authors have successfully investigated the use of Sr® in 118 cancer patients with known 
or suspected metastases to bone and Sr*™ in 17 patients and have shown that the radiostron- 
tium photoscan of detecting osseous metastases prior to visible roentgenographic changes. 
Histopathologic confirmation of tumor localization in scan-positive areas was obtained by bone 
biopsy in 17 patients. Resolution was evaluated by scan of calf-leg phantom and by comparison 
with known areas of osteogenesis (callus) and was found to be good. 


E-9 and E-10 Radioisotope Pulmonary Function—Studies with Xenon-133. Grr- 
ALD L. DENarpo, Major, M.C., Donap J. Bowes, Captain, M.S.C., JEROME 
S. Bropy, Captain, M.C. anp Jon B. Grazer, Captain, M.C. (Fitzsimmons 
General Hospital, Denver, Colorado) 


The exhibit illustrates a radioisotope scanning system, magnetic tape recorder and read- 
out system specially designed for pulmonary function studies using Xenon-133. The system 
permits data manipulation in a semi-automated fashion, and detection of radioactivity over an 
infinite number of points. This permits measurement of ventilation, perfusion, wash-in and 
wash-out on a regional basis. Measurement of the relationship of ventilation-perfusion on a 
regional basis is not possible with non-radioisotope techniques. The display also illustrates 
normal and abnormal results obtained with this technique. 


E-11 and E-12 Progress in the Clinical Use of the Scintillation Camera. Hau O. 
ANGER, ALEXANDER GOTTSCHALK AND DonaLp C. VAN Dyke (Donner Lab- 
oratory of Medical Physics and Biophysics, University of California, Berke- 
ley, California ) 


The scintillation camera with an 11% inch sodium iodide crystal has been in use for nearly 
two years and is now a clinically proven instrument. Localization of brain lesions using Ga™ 
-EDTA in a large series of patients has been accomplished with a marked reduction of ex- 
amination time and patient dose. The study of renal structure with Hg®*-Neohydrin and renal 
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dynamics with serial pictures or time-lapse movies using I" Hippuran will be illustrated. Liver 
pictures are taken in five minutes with I'* Rose Bengal. Positron bone pictures in both neo- 
plastic and non-neoplastic disease are being taken with F"*. Finally, the distribution of erythro- 
poetic bone marrow in various pathologic states using positron-emitting Fe” will be shown. 


E-13 Radioisotopes in the Diagnosis of Renal Hypertension. G. V. Taruin, E. K. 
Dore, A. T. Cocketr anp D. E. Jonnson (Laboratory of Nuclear Medi- 
cine and Radiation Biology; UCLA Medical School, Los Angeles and Dept. 
of Radiology, Los Angeles County Harbor General Hospital, Torrance, 
California. = 

The diagnostic value of the radiorenogram and renal scanning in the diagnosis of renal 
vascular hypertension is illustrated by correlation of the results of the radioisotope procedures 
with findings from rapid sequence I.V. pyelography and with renal arteriography. Renal artery 
constriction studies in rabbits and dogs are presented to support the reliability of the radio- 
renogram as an indicator of unilateral renal ischemia. The renogram results in 150 consecutive 


hypertensive patients are analyzed to demonstrate the relative diagnostic significance of major 
vs minor difference in fractional renal blood flow. 


E-14 Radioablumin Macro-Aggregates for Human Lung Scanning. G. V. Tapuin, 
M. L. Griswoip, D. E. Jonson, E. K. Dore, H. S. KAPLAN AND M. M. 
Axcay (Laboratory of Nuclear Medicine and Radiation Biology UCLA 


School of Medicine, Los Angeles; and Dept. of Radiology, Los Angeles 
County Harbor General Hospital, Torrance, California ) 


Macro-aggregates (5-25-u) of radioalbumin are trapped in the pulmonary capillaries 
following I.V. injection for a time sufficient to scan the lungs. The dose of carrier albumin 
need not exceed 0.1 mg/kg and the calculated radiation exposure to the lungs from 100-200 
pe of I labeled material is 75-150 mrad and about 20 times less for I’*. No reactions to the 
test material were encountered in the 150 patients studies. 

The diagnostic value of lung scans is illustrated in selected patients by comparison with 
their chest x-rays and in some instances with pulmonary angiograms. The scan is useful for 
the early detection of pulmonary emboli and in the localization of lung cysts and abscesses. It 
is also helpful in the evaluation of alterations in regional pulmonary blood flow in pneumonia, 
pulmonary infarction, lung cancer, pulmonary tuberculosis and emphysema. 


E-15 Digital Computer Analysis of Radioisotope Scans. DonaL> W. Brown, 
(Section of Nuclear Medicine, Depts. of Radiology and Medicine, Univer- 
sity of Colorado Medical Center, Denver, Colorado) 


An objective approach to the analysis of radioisotope scans using a digital computer is 
presented. Pulses from the pulse height analyzer of the scanner are summated at one second 
intervals and fed into a digital computer. By this means variation in activity from adjacent 
areas can be evaluated statistically and objectively. The computer’s printer can then be used 
to print out scans graphically. This allows one to vary the background erase and contrast en- 
haucement. Several examples of scans performed in this manner will be displayed along 
with the computer program and photographs of the equipment used. 
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£-16 Color Scanning. Ropert T. Morrison and Titus C. Evans (Radiation 
Research Laboratory, State University of Iowa, Iowa City, Iowa) 


More than 60 color scans of the thyroid, liver, kidneys and brain have been made with a 
‘ecently developed commercially available color-coded digital printout attachment. Iodine-131, 
Mercury-203, and Gold-198 were used. Color scans of various organs and a short pertinent 
iistory of the patient and biopsy or autopsy finds are included. Black on white dot scans and 
shotoscans made simultaneously with the color scan are present for comparison. 


E-17 ORINS Symposia in Medicine. Ratru M. KnisELEY and Goutp A. ANDREWS 
(Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tennessee ) 


The Medical Division of the Oak Ridge Institute of Nuclear Studies supported by the 
Jivision of Biology and Medicine of the USAEC, periodically presents symposia on selected 
opics of interest to physicians and investigators using radiation and radioisotopes in biological 
applications. Invited experts in nuclear medicine from the United States and from other 
countries present new material and critical evaluations of older information. The symposia are 
published by the Division of Technical Information of AEC. The exhibit presents information 
on the available published symposia “Progress in Medical Radioisotopes Scanning” and 
“Dynamic Clinical Studies with Radioisotopes.” 


E-18 The Isotope Encephalogram. Jack K. Goopricu, and Forrest T. Tutor 
(Jackson, Mississippi ) 


A review of 400 consecutive brain scans revealed approximately 40 diagnosed brain tum- 
ors. The exhibit reports the correlation of brain scan findings with a diagnostic battery con- 
sisting of the Isotope Encephalogram, Neurological Physical, Skull Films, Carotid Arteriogram, 
Pneumoencephalogram and Ventriculogram. The brain scan maintained a high degree of ac- 
curacy and was felt to have proved itself as an excellent first step procedure in screening 
neurological patients. To this end its advantages are multiple for there is no reported patients 
morbidity, no post-procedural sequelae, and it lends itself well to outpatient examination. 


E-19 Collimator Evaluation with the 1.A.E.A. Scanning Phantom. Merritt A. 


BENDER and Monte Biau (Roswell Park Memorial Institute, Buffalo, New 
York) 


The exhibit presents an evaluation of four commonly used 3 inch focusing collimators 
with the I. A. E. A. large organ scanning phantom. Each collimator was tested with seven 
radionuclides having gamma ray energies ranging from .027 MeV to 1.3 MeV. Each collimator, 
radionuclide combination was evaluated with four different “tumor” sizes each at four dif- 
ferent depths. The results can serve as a guide for the selection of a suitable collimator for 
a given clinical situation. 


E-20 Biomedical Research with High-Energy Heavy-Charged Particles. Joun 
LAwreNCcE (University of California, Berkeley, California ) 


E-21 Staff Education in Nuclear Medicine. D. L. TaBern and ANNE DoLBow 
(Weiss Memorial Hospital, Lake Bluff, Illinois ) 


K-22 A New Organ Scan Display In Polaroid Color. H. L. Jarre and RaLeu 
ApaMs (Cedars of Lebanon Hospital, Los Angeles, California) See Ab- 
stract T-5. 
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COMMERCIAL EXHIBITS 


ABBOTT LABORATORIES 


The Triosorb, T-3 Diagnostic Kit for measurement of thyroid function will be featured. 
Professional Radio-Pharmaceutical representatives will be available to discuss your Nuclear 
Medicine program. 


AMERICANA CORPORATION 


The Revised 1964 Edition of Americana Encyclopedia is now available. Visit booth 4—we 
would like to meet you and have you see our new edition and the unusual Min/Max Teaching 
Machine and Courses—Register for our free drawing while there. 


Ames ATomium, INC. 


Ames Atomium, Inc. will display and demonstrate the VOLEMETRON, an automated 
electronic computer for accurately, rapidly, and simply determining blood volume. This instru- 
ment is also adaptable to other procedures involving the use of radioactive isotopes. 

Also on display will be the GAMMACORD, a versatile instrument that facilitates the per- 
formance of many principal nuclear diagnostic tests. Representatives in attendance will be 
pleased to discuss the various applications of this instrument. 


Bairp-ATomic, INc. 


Baird-Atomic will exhibit the following products: Medical Scanner Model CS-500, 
Scintillation Spectrometer-University II Series Model 530, Precision Digital Ratemeter Model 
425, Well Counter Model 810-c, New Medical Stand, Applied Physics Corporation’s Respira- 
tory-Pattern Analysis System. 


Curtis NUCLEAR 


Featuring versatility, Curtis Nuclear Corporation will display a complete line of clinical 
isotope equipment consisting of the Model SN-250, Universal II Scintiscanner for multi-plan 
scanning with unique photoscanning features. The Model SX-300B Dual Scintillation System, 
Model BV-500 Automatic Plasma Volume Computer, Model SG-400 Scintigron for T-3 Test, 
and a unique display of the new SN-450 Series Scintiscanner which includes a tape recorder 
and accommodation for up to a 7” crystal. 


ELECTRO-FAB 


A designer and manufacturer of special nuclear instruments, this company will display 
a two channel dynamic analyzer. Scintillation detectors, monitoring some flow process, as in 
coronary and cerebral blood flow, or renal function, are fed into separate pulse height analyz- 
ers, from which standard pulses are put onto two channels of a four channel, three speed 
magnetic tape recorder. After the procedure, the tape is played back through a digital rate- 
meter which examines the recorded pulses for events per unit time. The data is presented 
digitally on a high speed digital printer, and graphically on an X-Y plotter. 


ENCYCLOPAEDIA BRITANNICA 
Encyclopaedia Britannica welcomes delegates to the Annual Meeting of the Society of 
Nuclear Medicine and invites them to examine the great new edition of Britannica. 
Official delegates may now purchase this magnificient set at an exhibit offer only avail- 
able at our convention exhibit. Visit Britannica booth #9 for free descriptive literature. 


GrEAT Books OF THE WESTERN WoRLD 


Great Books of the Western World in 54 volumes containing 443 works by 74 authors 
from Homer to Freud spanning 3000 years of western thought featuring the revolutionary 
index of ideas, “The Syntopicon” including 3000 topics with 163,000 classification of 102 
ideas. 
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Iso/SERVE, INC. 


Iso/Serve, Inc. provides isotope services for all medical, educational, research, and in- 
lustrial applications. Iso/Serve, Inc. is the largest commercial producer and distributor of 
short lived radioisotopes and the fastest-growing isotope supplier of both radiopharmaceuticals 
ind longer-lived isotopes. Our rapid growth has reflected the confidence that our customers 
have placed in our products, services and delivery together with our ability to meet strict 
schedules and specifications. 

In order to assist our customers, we are now providing high specific activity Iodine-131 
‘or use in tagging of proteins, etc., and high specific activity Potassium-42. We are also pleased 
o announce the availability of Calcium-47 on a bi-monthly basis and Mercury-197 Neo- 
hydrin on a twice a week basis. 


MonsANTO RESEARCH CORPORATION 


Through the use of placards and samples Monsanto Research Corporation will show the 
variety of neutron sources that can be supplied from polonium 210, plutonium 239 and 
americium 241, 

Alpha sources for research, medical use and cryogenic applications will be described. 

The use of plutonium 239, neptunium 237, uranium 235 and uranium 238 will be ex- 
plained. 


A portable x-ray unit which uses radioisotopes will be shown (less the radioactive source). 


NucLeAr-Cuicaco CorPoRATION 


Nuclear-Chicago’s exhibit will consist primarily of their new Pho/Gamma Scintillation 
Camera, a new research and clinical instrument for rapid location and visualization of radio- 
isotopes in the body, and several Pho/Dot Photomechanical Isotope Scanning Systems. To- 
gether Pho/Gamma and Pho/Dot depict the most versatile and advanced tools available to 
the clinical investigator who uses radioisotopes. Ps 

Also on display will be a completely new 100-sample automatic sample changer system 
for counting solid and liquid gamma samples. This system will feature Nuclear-Chicago’s 
new solid-state Scaler/Analyzer which combines scaling, timing, a single-channel analyzer, de- 
tector high voltage supply, automatic back-ground subtraction, and a percentage computer all 
in one compact module. The versatile new Scaler/Analyzer will also be shown with manual 
Well Scintillation Counting System of several sizes. 


NUCLEAR CONSULTANTS CORPORATION 


Showing a complete line of radioscanning products, including I", Hg™, Hg", Au’ 
and several of the newer research compounds. Exclusive Thyro Binding Index Kits and resins 
for the fast-growing TBI Test also featured. Cobium in all forms, including mammary implants, 
nylon sutures, and cervical applicators, described and shown. 


PACKARD INSTRUMENT COMPANY 


Packard Instrument Company will display the exclusive Tri-Carb Liquid Scintillation 
Spectrometer, designed for higher efficiency, greater accuracy and better isotope separation. 
Also on exhibit will be the Armac Detector, for measuring radioactivity in small animals and 
the human forearm; Flow Monitor and Flow Detector Systems; Multi-channel Analyzer Sys- 
tem, including data converter and new Radiochromatogram Scanning System; Well-Type 
Scintillation Detector; Whole Body Counter Components; Recorders, Ratemeters and other 


instruments used for measuring radioactivity. Packard also manufactures gas chromatographs 
and fraction collectors. 
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PicKeER NUCLEAR 
Division OF Picker X-Ray CoRPORATION 


Picker Nuclear will exhibit its full line of specialized instruments for organ scanning, 
digital and analog rate function determinations, automatic diagnostic measurements, uptake 
studies, and other laboratory techniques involved in the practice of nuclear medicine. 


E. R. Squrss & Sons 


You are cordially invited to visit the Squibb Exhibit at booth #3 and #4. The exhibit 
will feature Medotopes®, Squibb Radiopharmaceuticals for diagnosis and therapy. Squibb 
Representatives, thoroughly familiar with the many aspects of Nuclear Medicine will be 
pleased to welcome you. 


TECHNICAL MEASUREMENT CORPORATION 


Technical Measurement Corporation manufactures a complete line of Nuclear Detection 
Instrumentation for use in Nuclear Medicine. The 400 Channel Pulse Height Analyzer System, 
Gammascope 100 Channel Pulse Height Analyzer System, and Solid State Detectors have wide 
applications in such areas as whole body counting, thyroid uptake studies, and dynamic func- 
tion studies, for example, renal, clearance and cardiac analysis. 


UnitTep STATES ATOMIC ENERGY COMMISSION 


The Atomic Energy Commission, Division of Nuclear Education and Training. Various 
brochures which describe the education and training programs of the Commission will be made 
available. These will include pamphlets on research grants, equipment grants, fellowships, in- 
stitutes and publications of scientific interest. 


VoLK RADIOCHEMICAL COMPANY 


The Volk Isodose® Concept—all possible radioactive diagnostic and therapeutic agents 
provided in precalibrated, individual dose forms—will be illustrated by product displays. 

The Isodose® Concept includes capsule from (Isocaps®): Iodocaps I, Diagnostic and 
Therapeutic; Phosphocaps P*; Oleocaps and Trioleocaps I'* and I; as well as Radio-B,, 
(Co™ and Co™) Capsules. 

The Isodose® Concept also includes individual dose syring forms (Isojects®): Isojects 
Albumin I'* and I’; Isojects/Radiophosphate P”; Isojects/Diodrast, Rose Bengal, and Hip- 
puran I"*'; and Isojects/Neohydrin Hg™. 

The Volk exhibit will also include other new and significant additions to the company’s 
Radiomedicine product line. 
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LORD RUTHERFORD 


Lord Rutherford of Nelson 
( 1871-1937 ) 


There are a thousand threads in nuclear medicine: energy, form and sub- 
stance; devices for measuring, calibrating and for just plain every day detecting; 
queer elements and sometimes even new elements. All these threads interweave 
through the science of the past two centuries. In our science, at one point they all 
come together. 

Around the turn of the century, the triumvirate of Becquerel, Crookes and 
Rutherford approached each other’s work as though they disagreed—and some- 
times they did, but never for long. Each was surrounded by a group of excep- 
tional chemists and physicists unraveling a tangled web of impossible evidence. 
If it were necessary to pick one of these men (and this can’t be done), probably 
Rutherford would be selected as the originator of nuclear medicine. Many per- 
sons that later became important were students of Rutherford—Soddy, Hevesy, 
Geiger. Or they were following the ideas of Rutherford—Lawrence, Fermi, 
Oliphant. Or they were students of these students—Hamilton, Low-Beer. Every- 
thing in nuclear medicine ultimately finds its way back to Rutherford. 


NEW ZEALAND 


Rutherford was born near Nelson, New Zealand, on August 30, 1871. He 
went to Nelson College where he was known as a prodigy because of awards not 
just in mathematics, physics and chemistry, but also in Latin, French, English 
Literature and History. He went to the University at Christchurch and distin- 
guished himself in the transmission of electrical waves through the atmosphere 
and devised an ingenious magnetic detector. Because of this work, and the fact 
that he was such an outstanding student, he was the second choice for an an- 
cient (1851) scholarship to England. The first choice got married and so Ruther- 
ford went to Cambridge. In the fall of 1895 he arrived at the Cavendish Labora- 
tory and was making a reputation in wireless physics when Roentgen announced 
a new kind of light. 


CAVENDISH LABORATORY 


Professor J. J. Thomson, director of the Cavendish Laboratory, was already 
investigating the queer events that William Crookes demonstrated with an elec- 
tric current in a vacuum tube (well, it was almost a vacuum). Thomson had dis- 
covered that air through which X rays passed became a conductor of electricity. 
He called in Rutherford to be his personal assistant. They had a fairly good idea 
of what was going on, Thomson said a portion of molecules traveled in one di- 
rection and had a negative charge, another portion traveled in the opposite di- 
rection with a positive charge; the pair when separated he called “ions”. Ruther- 
ford’s job was to learn everything about ions. It was a full year’s work and in the 
meantime Becquerel (also Crookes and Sylvanus Thompson) had shown that 
uranium oxide and maybe some of the other very heavy metals did the same sort 
of thing, and so Rutherford shifted from X rays to uranium. 
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We could follow the career of Rutherford year by year, until his death in 
1937, discussing each major discovery. In 1897, ionization; in 1898, “non-deviable” 
ind “deviable” rays from uranium which he renamed “alpha” and “beta”. With 
wens at McGill, he discovered thoron; then the deflection of alpha particles, 
hen thorium-X growing from thorium; in 1903, the exponential laws of decay 
ind recovery; in 1903, helium in connection with radium; in 1904, the subject of 
reochronology. In 1905 he was primarily responsible for Boltwood’s claim that 
ead was the end product of the radium disintegration series. But this can get 
.wfully tedious, because there is often more than one and few years are without 
, major discovery. 

With some inevitable oversimplification, it is possible to summarize Ruther- 
ord’s career in four periods; Student, McGill, Manchester, Cambridge. From 
(895 to 1898, he was a student of J. J. Thomson’s. During this period he was 
primarily interested in electromagnetic phenomena and he probably preceded, 
or was at least contemporary with Marconi on questions of wireless transmission. 


MCGILL 


During 1898, the Curies were busy at work with polonium. At the same time, 
McGill University had an opening and was looking for a professor of physics. 
Rutherford was anxious to get married to a New Zealand girl and needed money 
and so applied for the position. With the enthusiastic backing of J. J. Thomson he 
got the job, but first “finished” his work on the rays from uranium. In September 


of 1898 he went to Montreal where he changed from student to professor over 
night. 

Rutherford was only 27 years of age. At McGill he met Robert Bowie Owens, 
another new professor (of Electrical Engineering). Rutherford got Owens to 
run down some trouble with the electrical measurements of thorium oxide. This 
material worked something like uranium but sometimes it behaved and some- 
times it didn’t. Owens did run down the trouble. The temperamental behavior of 
thorium oxide was due to drafts. This was a naive piece of stupidity to every- 
body except Rutherford and Owens, there was a gaseous emanation that came 
off of the thorium. (Later Rutherford found the same thing with uranium). 
Rutherford worked out his own mathematics on a number of experiments to 
discover radioactive growth and decay. 

By September of 1899, Rutherford thought he had solved the problem of 
emanation (he hadn't, but it was a good start) and in another month thought he 
had explained how these emanations caused what he then called “excited radio- 
activity”. The Curies had already published a paper on the radioactivity “in- 
duced” by radium but they knew nothing of Rutherford’s work and he knew 
nothing of theirs. The activity had so short a life that the presence of a separate 
element was unsuspected unless you did the kind of experiment that Rutherford 
had invented. 

During the summer of 1900, Rutherford returned to New Zealand to get 
married. By the time he returned to McGill, a young (23 years old) laboratory 
instructor in chemistry had been hired and was looking for a research problem. 
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This was Frederick Soddy. Rutherford got him to look more carefully into the 
radium and thorium gases that were being formed. 

From 1898 to 1907, Rutherford was primarily concerned with the very intri- 
cate phenomena of radioactive changes in the naturally occurring radioactive 
elements. It was during this period that the trend of study of radioactivity was 
bent towards electrical measurements. J. J. Thomson was an “electrical” physicist 
and he chose Rutherford as a student because Rutherford could make electrical 
measurements. Becquerel was a chemist but he chose Pierre Curie as a colleague 
because Curie was an “electrical” physicist. Sir William Crookes was a chemist, 
who felt much more at home with photographic measurements, but he recognized 
the quantitation that the “electrical” physicists were capable of. Probably be- 
cause of the insistence by all three that measurements be quantitative as well as 
qualitative, the whole field of radioactivity, unlike roentgenology, was directed 
away from photography towards electrical phenomena. 


MANCHESTER 


During the next few years the idea of a “transmutation” became fairly well 
accepted. During the early months of 1907, the professor of physics at the Uni- 
versity of Manchester in England was anxious to retire. Professor Rutherford 
from McGill was selected to replace him. 

From 1907 to 1919, Rutherford was Professor of Physics at Manchester. 
By the time he arrived, he found already established a young German Ph.D. 
named Hans Geiger who was supposed to be neither teacher nor student, but only 
do research. Rutherford always had something that had to be done and so 
Geiger was given the job of developing an ionization method for measuring alpha 
particles. The chamber had already been worked out in Canada but not in the 
sense that it was a practical device (practical to a physics laboratory, the prac- 
ticality in medicine comes much later ). 

In 1908 the theory of transmutation was so obvious, though still undeveloped, 
that Rutherford received the Nobel prize for Chemistry. (It is all right for a 
physicist to receive the Nobel prize in Chemistry because Becquerel, who was 
very definitely a chemist, had received the Nobel prize in Physics in 1903.) 

During 1912, when Soddy had already given a name to and proved the 
theoretical necessity for “isotopes”, a Danish visiting physicist came to Ruther- 
ford’s laboratory at Manchester as a part of his year of study abroad. In those 
days study abroad was considered necessary for a Ph.D. degree. Niels Bohr was 
dissatisfied with the atom-model that Rutherford had developed and so he im- 
proved it. We now call this the Bohr atom, but it’s really the Bohr modification 
of the Rutherford atom. (When you really get down to it, it’s really the Bohr re- 
modification of the Rutherford modification of the Thomson atom. And Thomson 
gives credit to Crookes, who gives credit to others before him.) George Hevesy 
was working in Rutherford’s laboratory at the same time and here a separate 
thread in tracer techniques shifts from transmutation physics to chemistry and 
finally to biochemistry tracers and finally to a portion of nuclear medicine. 

Rutherford was knighted in 1914; his war work was on the transmission 
of sound under water, but he continued to work with the high energy alpha par- 
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ticles from radium with the idea that he could produce a disintegration of nitrogen 
nuclei. As an important physicist, the British Military wanted him on “important” 
committees. The story is that in 1919 he kept one committee waiting while he 
finished an experiment which, if it worked, he said would make the committee’s 
deliberations obsolete. This was the demonstration that he could willfully pro- 
duce the disintegration of an atom. With one experiment he had found the Phi- 
losopher’s Stone, started the Cold War, won World War III and made nuclear 
medicine possible. 


CAMBRIDGE 


In 1919, Rutherford’s teacher at the Cavendish Laboratories, J. J. Thomson, 
retired to less arduous work and Rutherford returned, this time not as a student 
—as he had twenty-three years before—but as head of the Cavendish Laboratories. 
From 1919 to a few weeks before his death on October 19, 1937, Rutherford’s 
concern was the nucleus of the atom. Perhaps the peak of this fourth period was 
in 1932 which saw the discovery of artificial disintegration by artificial nuclear 
projectiles. (Rutherford’s earlier demonstration in 1919 was with the natural 
alpha particles of radium C.) 1932 also saw the discovery of the positron which 
Rutherford had postulated, and of the neutron which he had talked about at con- 
siderable length. Both the artificial disintegration and the discovery of the neutron 
were done at the Cavendish Laboratories under Rutherford’s guidance. Ruther- 
ford was highly prejudiced against theoretical scientists who did not get their 
hands dirty in a laboratory. In spite of this, he formed the basis upon which most 
current atomic theory rests. 


HONORS 


Rutherford received twenty-three honorary doctorates in the days when the 
degree was given not for a contribution to the budget but for a contribution to 
science. He received seven medals, including most of those that are remarkable 
for their distinction in science—the Rumford Medal, the Bernard Medal, Copley, 
Franklin, Albert and Faraday Medals. In 1908, he received the Bressa prize and 
the Nobel prize. In 1914 he was knighted to become Sir Ernest Rutherford; in 
1931 he was honored by the British Empire to become Baron Rutherford of 
Nelson. He was President of the Royal Society for five years; President of the 
British Association; President of the Institute of Physics. He was a member of, 
an honorary member of, a corresponding member of, or a foreign associate of 
more than twenty-seven societies of the arts and sciences, and he was active 
in many of them (including, incidentally, the Royal Society of Medicine). 

Sir William Crookes was an honored guest at the 1897 meetings of the 
Roentgen Society in London. Becquerel had actually performed some tentative 
radiological experiments. But Rutherford was never directly involved in medical 
work. He did influence the decision that the leftover radium from the British Air 
Force in 1919 go to the development of teletherapy under the direction of the 
Medical Research Council in England. He also was influential in the design, de- 
velopment and use of Grimmet’s enormous (five gram) radium beam therapy 
unit. This was the predecessor of much of the later development of teletherapy, 
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using radioisotopes as the source of energy. Rutherford had a medical interest but 
there was never sufficient material available. He died just as the accelerators were 
beginning to produce radioisotopes in sufficient quantity for medical investiga. 
tion. 

If you had to select the name of one man who first conceived the idea of 
nuclear medicine, you would be in trouble. Sam Seidlin was obviously the first 
to apply radioiodine to a thyroid carcinoma metastasis in the early 1940's, but 
he wasn’t first. Robert Ball had tried it on the first patient the day before Pearl 
Harbor. But this was just the adaptation of an idea of using radioiodine in thyroid 
physiology, which occurred in about 1938. But this was just an adaptation of an 
idea of using a radioisotope of a naturally occurring element—probably radio- 
sodium about 1934. But this was just an adaptation of an idea around 1925 that 
an isotope of radium could be adsorbed onto a saline solution. But this was just 
an adaptation of an idea that Hevesy had in 1913 of separating one lead from 
another. But this was not an adaptation—it was the result of an accumulated 
fifteen years of scientific exploration by ten to twenty giants in physics and chem- 
istry (it’s hard to tell the difference between the sciences). 

It is not just incidental that all of the Pioneers honored by The Society of 
Nuclear Medicine were developing Rutherford’s ideas. Ernest Lawrence made 
a machine to produce a more powerful projectile for Rutherford’s disintegration. 
Hevesy, in Rutherford’s laboratory, was trying to separate some radium D 
(Pb?!°) from a huge amount of lead. Hamilton investigated the metabolic be- 
havior of any and every new radioactive isotope; Low-Beer was interested in 
their therapeutic potentialities. Fermi investigated a new kind of a projectile 
which had been suggested by Rutherford many years before. When Nuclear 
Pioneers are chosen for future meetings, the only way the selection committee 
will be able to avoid an intellectual descendant of Ernest Rutherford, will be 
to choose a man whose major work was done before 1898. 


MARSHALL BRUCER, M.D. 

















Norman Hilberry' 


Dr. Norman Hilberry, now retired, 
was formerly director ot Argonne Na- 
tional Laboratory, one of the principal 
research and development centers in the 
field of nuclear science and engineering 
in the United States. The Laboratory is 
operated by the University of Chicago 
for the U. S. Atomic Energy Commis- 
sion. 

Dr. Hilberry’s association with the 
nuclear energy program began late in 
1941 when, as personal aide, he joined 
Dr. A. H. Compton who had just been 
designated as project director for the 
Metallurgical Project, later known as the 
Plutonium Project. In this capacity Dr. 
Hilberry was associated with the group 
under Fermi which first achieved a self- 
sustaining, controlled nuclear chain re- 
action on December 2, 1942. As associate 
project director of the Metallurgical 
Project, he acted as the project office’s representative at Clinton Laboratories 
during the start-up of the X-10 reactor in the Fall of 1943. Starting in the summer 
of 1944 he served (again in his capacity as associate project director) as head of 
the resident project group which provided the official liaison between the DuPont 
organization and the Metallurgical Project during the start-up of the production 
facilities at the Hanford Engineer Works. 

With the successful operation of Hanford an accomplished fact, Dr. Hilberry 
returned to the Metallurgical Project office during the winter of 1945. After Dr. 
Compton’s move to St. Louis as Chancellor of Washington University in July, 
1945, he took over the closing out of the affairs of the central project office. Dur- 
ing this period he assisted the Manhattan District of the U. S. Corps of Engineers 
in the establishment of the Oak Ridge Institute of Nuclear Studies and the Brook- 
haven National Laboratory, and in the reorganization of the existing laboratories 
on a permanent basis. He was particularly concerned with the reconstitution of 
the Metallurgical Laboratory, housed on the University of Chicago campus, and 
the Argonne Forest Laboratory, situated in the Palos Park Forest Preserve, into a 
single unified Argonne National Laboratory which could serve both as a national 
center for the prosecution of the government’s own program of nuclear research 
and development and as a regional center for the support of university activities 
in these and allied fields. Dr. Hilberry served as associate director of the new 
laboratory from its founding July 1, 1946 to 1949. In 1949, he was appointed dep- 
— director. He served as = nl of Argonne from June, 1956, until November, 

961. 

Prior to joining the Metallurgical Project, Dr. Hilberry had been a member 
of the faculty of New York University, serving at Washington Square College 
from 1925 to 1928 and at University Heights from 1928 to 1942. In addition to his 
teaching he carried on research in cosmic rays, discharge of electricity through 
gases and physical optics. He was a member of the University of Chicago—U.S. 
State Department Cosmic Ray Research Expedition to Latin America in 1941. 

He received his A.B. degree from Oberlin College and his Ph.D. degree in 
Physics from the University of Chicago. He has been granted the LL.D. degree 





*Norman Hilberry will present the Fifth Annual Lecture—Nuclear Pioneer Series honor- 
ing Lord Rutherford at the 11th Annual Meeting, Society of Nuclear Medicine, Berkeley, 
California, June 19, 1964. 
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by Elmhurst College and by Marquette University and the D. Sc. degree by Mon- 
mouth College. 

In addition to his duties as scientific administrator, Dr. Hilberry has been 
active in a number of closely associated fields. He has devoted considerable atten- 
tion to the proper philosophy of management in the operation of research organ- 
izations and in the development of suitable implementing administrative tech- 
niques. His 1953 report on this subject is still in demand. 

He has taken an active interest in educational affairs throughout his service 
to the Laboratory. From the very inception of the Laboratory he emphasized its 
educational potentials and supported those activities which gave promise of bring- 
ing such latent educational benefits to active realization. He has contributed 
widely both to science teacher programs and to youth science activities. Since 
relinquishing his administrative duties, he has devoted much of his attention to 
the educational responsibilities of the governmental agences, in particular those 
of the U.S. Atomic Energy Commission. These findings have been reported in 
“Education and Technological Progress: The Role of Education and Training in 
the Program of the U. S. Atomic Energy Commission.” 

Dr. Hilberry’s educational interests have never been confined, however, to 
the formal scholastic form of endeavor. Recognizing the responsibility of a tax- 
su ge institution for reporting its progress and accomplishments to its stock- 
holders, the taxpayers, he initiated a supported many public education activi- 
ties. As the technical program began to come to full technical fruition and thus 
progress began to hinge ever more definitely on public acceptance of its fruits, 
these public education efforts were broadened and intensified with his active 
assistance. He has long filled the role of a public education missionary to his col- 
leagues in the field. 

His public education activities have extended beyond the field of nuclear 
energy. He has, in addition, served as an advisor to the National Science Founda- 
tion for its program on the public understanding of science. In this same connec- 


tion he has taken active part in NSF sponsored seminars on science education 
through the agency of the mass media of communication. 

Dr. Hilberry has also been active in international affairs. He organized and 
served as first director of Argonne’s International School of Nuclear Science and 
Engineering. This organization has served as a men instrument in the Na- 


tion’s Atoms for Peace Program and has furnished specialized nuclear training to 
over six hundred students from abroad since its founding in 1955. Dr. Hilberry 
also served as the leader of the International Atomic Energy Agency’s first field 
mission. This group surveyed the atomic energy programs of seventeen of the 
twenty Latin American countries in the summer of 1958, reporting to the I.A.E.A. 
Dr. Hilberry then led the United States presentation of its Power Reactor Pro- 
gram at the 1958 Geneva Conference. He also served on the U. S. State Depart- 
ment’s Smyth Committee for review of the national policy with regard to the 
International Atomic Energy Agency in 1962. He has not only advised with many 
of the foreign national Atomic Energy agencies with respect to their programs as 
part of his official duties at the Laboratory, but has served as consultant to both 
the Japanese Atomic Energy Commission and to the Argentine Atomic Energy 
Commission, visiting Japan in 1961 and Argentina in 1962 for on-the-site inspec- 
tions and discussions. 

Dr. Hilberry holds membership in the following professional societies: The 
American Society for Engineering Education; Atomic Industrial Forum (director, 
1961-); American Physical Society (Fellow); American Association for the Ad- 
vancement of Science (Fellow); New York Academy of Science (Fellow); Amer- 
ican Nuclear Society (Fellow—director 1958-1961); Scientific Research Society of 
America (governor 1956-1959), Sigma Xi. 





Ladies Program 


Women’s Registration and Information Desk in Coral Room 
From 1:00 p.m. Wednesday, June 17 
Women’s Hospital Room, Lanai III 
Open daily from 9:00 a.m. to 5:00 p.m. 


Children’s Activities: 
The Horizon Room attendants will be present on Thursday and Friday from 
9:00 a.m. to 5:00 p.m. and on Saturday from 9:00 a.m. to 12:00 noon 
No meal service nor crib, diaper or nap facilities 
Private baby sitting service available—arranged through the hotel 


Swimming Pool on Hotel Grounds—No charge 


THURSDAY, JUNE 18, 1964 


9:00-10:00 a.m. Get Acquainted Buffet Breakfast for the Women 
Lanai Room III No charge 


10:30 a.m. Women’s Luncheon Tour to San Francisco’s Chinatown 
Authentic cuisine and a performance of classic Chinese dancing. 
About an hour allowed for shopping. Driven tour to include the 
Embarcadero, Fisherman’s Wharf, North Beach (night entertain- 
ment area), Coit Tower. Buses return to hotel by mid-afternoon. 
Charge: $5.50 


6:00-700 p.m. Cocktail Reception Gold Room 
By courtesy of Technical Exhibitors 


7:00 p.m. Annual Banquet Churchill Room 
Dinner music and entertainment by Hawaiian and Polynesian 
Troupe. Charge: $7.50 


FRIDAY, JUNE 19, 1964 


10:00 a.m. Women’s Luncheon Tour of Napa Valley Wineries 
Tour will proceed through Napa Valley to St. Helena where the 
Beringer Bros. and Charles Krug Wineries are located. Tour to 
cover both vineyards and Beringer’s famous limestone aging caves 
dug by coolie labor. Luncheon served at Krug Winery, departing 
from there at 3:00 p.m. Charge: $6.00 


From 6:00 p.m. A Free Shuttle Bus, operating between Claremont Hotel and 
Union Square, heart of downtown San Francisco. Last bus to 
leave the Square for Berkeley at 1:00 a.m. 
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Report of Survey on Teaching of Nuclear Medicine 
Thad P. Sears, M.D., F.A.C.P. 


Denver 


It is appropriate that a society dedicated to the advancement of nuclear 
medicine should be informed as to its educational background. 

For the past several years, standing committees of The Society of Nuclear 
Medicine have been looking into the matter of A.M.A. recognition of nuclear 
medicine as a clinical section, pending the creation of a board for accreditation 
is this field as a subsvecialty. The Society also seeks to delineate the subject 
and to formulate its satisfactory definition. 

Nuclear medicine embraces and is dependent on the skills of several dis- 
tinct groups. In a present membership roster of some 2500 persons, the Nuclear 
Society lists radiologists, internists, surgeons, mathematicians, nuclear physicists, 
research personnel, engineers, instrument experts and an occasional attorney. 

This conglomerate mixture of talents adds to the strength of this Society but 
makes its definition difficult. To assist in the resolution of these questions, the 
Society sought information from the medical schools that would reflect the 
views of the teaching institutions. 

The method of approach took the form of a questionnaire, posing only five 
questions, quickly answered and requiring no complicated review of curricula. 
This communication was sent to 106 North American medical schools. (Three 
overseas schools were included.) Of these, 77 replies were received and not in- 
frequently in more detail than was expected. Six replies duplicated the same 
schools so that this report is extracted from 71 schools. 


QuEsTION No. 1 


Do You GivE UNDERGRADUATE TEACHING IN THE THEORY AND 
APPLICATIONS OF RADIOISOTOPES? 


To this question, 64 schools replied in the affirmative, 5 in the negative and 
2 were unclear as to meaning. 


QuEsTION No. 2 


How Many Hours AarE DEVOTED TO THE SUBJECT AND BY WHAT 
DIVISION OF THE FACULTY IS THE INSTRUCTION GIVEN? 


The answers to this question were variable, depending on whether formal 
courses were reported or the informal instruction that goes on in departmental 
conferences. Some schools included laboratory training. 

Eleven schools stated that isotopic teaching was so intermingled in various 
departments that the specific number of hours could not easily be determined. 
Fifty-two schools reported in total hours. These hours varied remarkably be- 
tween 2 and 64. Hours were not reported by 8 schools. 

The general average of hours reported is about 15. It is more useful to show 
that 12 schools provide less than 8 hours, 23 schools between 8 and 15 hours, 9 
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chools from 16 to 30 hours, 8 schools from 31 to 64 hours. These figures are not 
xpected to be entirely accurate but they are believed to be sufficiently authentic 
) reflect the general situation. 

As to what department gives the instruction, 12 schools indicated radiology 
nly and 28 schools reported radiology plus other departments. Internal medicine 
, connection with other sections is listed by 24 schools. Biochemistry is men- 
oned by 12 schools. Physiology plus other departments is shown by 14 schools. 
‘harmacology (4 schools) and pathology are infrequently listed. A few schools 
sport a department of nuclear medicine. One school includes instruction by 
lectrical engineers. Only 8 schools failed to answer this question. 


Question No. 3 


Is A SPECIAL LABORATORY PROVIDED FOR RADIOISOTOPIC DIAGNOSIS, 
THERAPY AND RESEARCH? 


Sixty-two schools answered yes: no schools answered in the negative. One 
school did not answer the question, two are in process of actuation, 6 answers 
were unclear. In retrospect it is seen that this question added very little to the 
study. 


QuEsTION No. 4 


Is THE LABORATORY UNDER THE DIRECTION OF RADIOLOGY OR DOES 
Ir HAvE A SEPARATE STAFF? 


In answer to this question the single word “radiology” is listed by 20 schools. 
Radiology in cooperation with other departments is reported by 15 schools. A 
special section of radiology is shown by 13 schools. 

The radioisotopic laboratory is directed by internal medicine in 12 schools. 
Biochemistry and biophysics conduct the laboratory in 4 schools. In 7 schools 
the direction is by special sections designated as isotope committees, nuclear 
medical units, faculty committees, university safety officer, etc. 

Three schools did not answer this question. Two schools are in preparatory 
periods. In laboratory operations there is much interdepartmental overlap, as 
shown by the questionnaires. This accounts for the above 76 anwsers by 71 
schools. 


QuesTIon No. 5 


Ir A CoursE IN RapIoisoToPic TECHNIQUES Is Nor Now Proviven, 
Do You ConTEMPLATE GIviNG SucH A CourRSE IN THE Future? IF 
Nort, Do You Minp Appinc A STATEMENT As To Wuy You Micut Oppose 
Tuts Move? 


To our surprise this question, which we feared might not be relished by 
some schools, evoked the most discussion of the five questions asked and supplied 
the most useful information. It was discussed by 44 schools. Seven school indi- 
cated that their present program, as shown in answers to the first four questions, 
made an answer to question No. 5 unnecessary. 
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The question was not answered by 17 schools. Two schools are now form- 
ing a program. The answer by one school could not be interpreted. 

Somewhat inadvertently, the word “techniques” was introduced into this 
question. It became obvious that this term, in the minds of those who prepared 
the answers, at once divided the subject into the clinical teaching of radioisotopes 
versus the training of the technical specialist. It became clear that this distinction 
apparently is the criterion which determines the amount and type of instruction 
now being given to undergraduate students. This differentiation is also impor- 
tant in the discussion of whether nuclear medicine is to be classified as a sub- 
specialty. 

In reporting the answers to this question, it is more informative to identify 
medical school thinking than to attempt any kind of a statistical listing. The 
questionnaires returned clear and almost unanimous concepts in this area. The 
schools are basing their views on the following points: 


1. Is the present amount of undergraduate teaching of nuclear medicine 

clinically adequate? 

. For the clinical needs of an undergraduate student, would an increase in 
the teaching justify the added effort? 
Is there any need to instruct an undergraduate student in the more 
technical aspects of radioisotopes? 

. Is there room in the presently overcrowded curriculum for additional 
courses and is there physical space for more laboratories? 

. Are technical courses in radioisotopes not more applicable to postgradu- 
ate students seeking special training? 


The majority of schools gave affirmative answers to points 1 and 5 and nega- 
tive answers to points 2, 3 and 4. Most schools believe their present teaching of 
radiosotopes to be adequate, particularly in the face of overcrowded curricula. 
In most instances they prefer to incorporate the teaching in the departments 
rather than to concentrate it in a single formal course. In almost all cases they 
assign technical instruction to postgraduate levels. Most schools state that they 
will increase hours of teaching when the demand becomes evident. 


SUMMARY 


A report on the undergraduate teaching of nuclear medicine has been pre- 
sented. The information was extracted from 71 questionnaires returned, out of 
106 sent to North American medical schools. 

Undergraduate teaching is given in 64 schools; 5 schools report no teaching; 
two returns were unclear in meaning. 

As to hours devoted to the subject, 52 schools show variation between 2 
and 64. Eight schools did not indicate hours; 11 report that intermingling of 
courses in the departments made a statement of exact hours difficult. About half 
the schools provide 8 to 15 hours. 

The instruction is given by radiologists either alone or in cooperation with 
other departments, in 48 schools. Internal medicine is mentioned in 24 schools; 
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viochemistry and physiology in 14. Pharmacology and pathology are occasionally 
isted and a few schools show special sections for nuclear medicine. There is 
nuch departmental overlap in the teaching. Informal courses are far more 
-ommon than formal ones. 


The majority of medical schools, as revealed in the questionnaires, feel that 
yresent undergraduate courses are adequate. A few plan to increase the instruc- 
ion. Many postgraduate courses are extensive and it is for the postgraduate stu- 
lent that the schools feel the technical instruction should be designed. 


CONCLUSIONS 


Based on the questionnaires, the conclusion is that the undergraduate teach- 
ing of nuclear medicine in North American schools is in most cases fairly ade- 
quate but not often superlative. In a small number, the subject appears to be 
neglected. There is a definite place for the highly trained expert in this field 
and there are advanced courses to provide this training. 


LETTERS TO THE EDITOR 


TO THE EDITOR: 


The gavels used by The Society of Nuclear Medicine have a history comparable to their 
importance in directing the destiny of the Society. Im 1857, at the time Professor William 
Allen Miller was making the first measurement of the far ultraviolet spectrum, squirrels 
planted walnuts on the site of the graphite reactor now known as Old Grandma, at Oak Ridge. 
These walnut trees grew during the boyhood of Roentgen, Rutherford, and Thompson, reach- 
ing their maturity at the turn of the century when the atomic age reached full flower. 


When Old Grandma was built, these fine old walnut trees had to be cut down. They 
were thrown on the scrap heap at 10:32 a. m. EST on February 1, 1943. 


When Old Grandma went critical at 5:00 a. m. on November 4, 1943, those trees lay 
forgotten. 


The logs, however, were retrieved from the scrap heap at 4:45 on the sunny afternoon of 
August 2, 1946, just after the junk picker had attended the ceremonies inaugurating the first 
shipment of radioisotopes for medical use. 


Those logs were water cured at the bottom of White Oak Lake (the drainage from 
Old Grandma) until 1948, during which time they picked up a considerable amount of 
background radioactivity. This activity was carefully sandblasted off the surface and the 
wood was air dried in the shadow of the world’s first tower reactor facility. 


Next, this fine old wood was transferred for further curing to the Roaring Fork Branch of 
the Little Pigeon River at the foot of the Great Smoky Mountains. After removal from the 
Roaring Fork the logs were hand sawed into thick planks by a man who had been exposed 
to the fallout radiation from ten atomic bombs. 


The famous Wood Whittlers of Gatlinburg, Tennesseee then hand turned this beautiful, 
historic, solid walnut into gavels for the Society of Nuclear Medicine. The gavels now used 
have this history. 

MarRSHALL Brucer, M.D. 
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President's Letter 


THAD P. SEARS, M.D., F.A.C.P. 


At Alamogardo, on July 16, 1945, an atomic bomb was detonated. This was 
the focal point of undoubtedly the most concentrated, unified and costly effort 
ever mounted in the history of the scientific world. Time and circumstance deter- 
mined that a world war would provide the stimulus and the funds for the fabri- 
cation of a nuclear weapon but the bomb itself represents a station in the long 
forward march of physical science. 


It is not difficult to perceive that mankind has historically advanced in 
epochal periods related to intellectual outbursts, geographic discoveries, religious 
fervors, military campaigns and other similar criticalities. It is characteristic of 
these revolutionary epochs that at the moment they were little recognized as 
such by even those who were most instrumental in bringing on the changes. 
Did Columbus appreciate his relationship to the Elizabethan era; who precipi- 
tated the Renaissance. a 

Of what has happened no one is in doubt in our time. The scientists 
assembled on a summer morn at Alamogardo knew full well that in the fireball 
of a nuclear explosion the Atomic Age had been born! Not again could science, 
or diplomacy, or economics, or education, or the fate of men, be as it had been. 

The Society of Nuclear Medicine is a spark of that fireball. It came into 
being within eight years of Alamogardo. Its objectives are unique; it is a pioneer 
in leadership; it moves toward greatness. 

I cannot speak for all the talents that go to make up this Society, But for 
medicine I know that the Society represents one of the avenues leading toward 
the great and current changes in medical education that are identified as mole- 
cular biology. The old authoritarian approach to medical teaching is on the 
wane; it had its place. But the energy of the atomic nucleus, by whatever 
manner expressed; now comes into its own. 


It is customary for a retiring president to render thanks to those in his 
administration who have given help and to urge that this loyalty be extended 
to the administration that follows after. These things I do and freely. I have 
received magnificent assistance; and for the future I reserve no doubts. 

But may I be indulged in an emotional moment to exhort the membership 
to remember its lineage; to continue its loyal support and to achieve its manifest 
inheritance; to overcome any answerable problems of the moment; and to mold 


this young Society into an instrument of strength that shall endure an hundred 
years; and mayhap after. Thank you so much. 


Vii 
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Use of a Whole Body Counter in Turnover Studies with Ca™."” 


Thornton Sargent, Ph.D., John A. Linfoot, M.D., 
Henry Stauffer, M.D., and John H. Lawrence, M.D., D.Sc. 


Berkeley, California 


INTRODUCTION 


A number of investigations of calcium metabolism have been reported by 
workers using Ca*®, Ca*’, Sr®°, and stable strontium (1,2,3,4). Models have been 
proposed and mathematical treatments developed to describe the dynamics of 
calcium by Bauer et al (5), Heaney and Whedon (6) and others. Aubert and 
Milhaud (7) have maintained that the simplified models of these workers were 
incomplete chiefly because they failed to take into account the component of 
serum calcium disappearance which does not appear until the seventh to the 
eighteenth day after injection. They demonstrated that this simplification can 
lead to errors of 35 to 76 per cent in measurement of the size of the calcium pool, 
and 18 to 38 per cent in the rate of disappearance from the pool. 

In any system described by a sum of exponential functions, if one cannot 
measure the slowest rate constant of the system, an error will be introduced into 
the determination of all the others. The magnitude of the error will depend on 
the coefficient and the rate constant of the unknown component. One cannot be 
certain in fact that there is not still another component with a longer turnover 
time. Cohn et al (8) in fact have measured the turnover of Sr® in a series of 
subjects for more than a year with a whole body counter, and found very long- 
lived components; the retention curve was best fitted by a power function. Con- 
sidering the complex nature of recycling of bone mineral discussed by Heaney 
and Whedon (6), it seems possible that a power function may best describe the 
behavior of calcium in compartments with such complex recycling; however, a 
power function yields little information about rates and compartment sizes. 
Exponentials may be more useful in describing turnover in the miscible calcium 
pool and the initial incorporation into bone. Although a complete and satis- 
factory mathematical description has not yet been evolved, studies with calcium 
isotopes will continue to be valuable both in developing clinically useful measure- 
ments and in evolving a better model of calcium metabolism. 

A whole body counter can be used to advantage because it can measure the 
calcium deposited in bone without relying on calculation from serum measure- 
ments. The results of such measurements on a small group of patients will be 
presented here, and the advantages of the method discussed. 


*Donner Laboratory of Medical Physics and Biophysics, University of California. 
*Work done under the auspices of the U.S. Atomic Energy Commission. 


407 





SARGENT, LINFOOT, STAUFFER AND LAWRENCE 


METHODS 


All of the patients were ambulatory and generally were studied on an out- 
patient basis. Patients for whom blood, urine and stool collections were made were 
admitted to the Donner Pavilion for periods up to the first seven days of the 
study. Metabolic balance technique was not employed, but diets were controlled 
so that calcium intake was approximately 900 mg per day during the first week 
of study. 

Ca‘? from Oak Ridge, with Ca**/Ca** approximately 10/1, was given intra- 
venously, buffered to pH 4-5, at doses between 2 and 25 microcuries. In some 
patients serial blood samples were drawn, and in some complete urine and stool 
collections were made for periods up to two weeks. 

The whole body counter is of the Argonne type with 6 inch steel walls, a 
single 9% inch by 4 inch NaI(T1) crystal and 100 channel pulse height analyzer. 
Patients were counted both in the one meter arc position and the titlting chair 
position. In the one meter arc the patient lies on a couch with a radius of curva- 
ture of one meter with the crystal at the center of curvature. This geometry is 
usually considered to yield a count with minimum dependence upon localization 
of the isotope. In the tilting chair the sensitivity is five times that of the one 
meter arc, but with Ca*’ changes in the location of the isotope in the body yield 
a retention curve different from that of the one meter arc until 12 to 18 days after 
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Fig. 1. Retention of whole-body radiocalcium in patients with no demonstrable bone disease, 
and in one completely healthy subject. 
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njection. After 18 days the retention curves are parallel, so that the greater sen- 
itivity of the chair position (about 4000 cpm/yc) makes it possible to extend 
he retention curve beyond the time at which the 4.7 day Ca** has decayed below 
letectable limits using the one meter arc. Simultaneous measurements on both 
chair and arc showed the two curves to be parallel after 12 to 18 days. 

After the initial whole body count, which is performed within five minutes 
ifter injection in order to establish a 100 per cent point, the patient is counted 
igain later in the first day, then daily for several days, and finally at intervals 
f seven days. A patient with high calcium retention and an initial dose of 25 pec 
an be counted with sufficient accuracy 42 days after injection, but excretion from 
he body and radioactive decay of Ca** preclude counting beyond this time. Good 
samma ray resolution and a pulse height analyzer are essential for accurate 
measurements late in the study, because all Ca‘? so far used has contained a 
variable small amount of Zn®, which often contributes counts in the range of the 
Ca‘? photopeak to about the same degree as the patient’s K*°. After all of the Ca‘? 
has decayed, a final count must be made to obtain a background including the 
Zn® which is subtracted from previous counts. Since only the counts under the 
Ca‘? photopeak are used, there was effectively complete discrimination against 
other isotopes such as Sc*? or I!81, 
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Fig. 2. Radiocalcium retention in four women with metastatic mammary carcinoma. Three 
patients had osseous metastases of varying degrees. Patient J.R. was studied before 
treatment (A) and after treatment (B). No osseous metastases were demonstrable 
in patient I.S, 
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Blood samples were counted in a standard well counter with pulse height 
discrimination against the Sc** daughter of Ca*’, and against the I'*! which some 
patients had received from iodine uptake tests. One liter samples of urine from 
each 24-hour collection, and the entire stool, were each counted on top of a 2 
inch crystal, with a standard suitably diluted to correct for self-absorption. Urine 
data were plotted as specific activity (cpm Ca*?/mg Ca). Stool specimens were 
not assayed for calcium, so the data are plotted as cpm Ca‘*/gm stool; since the 
diets were reasonably constant in calcium, this is equivalent to specific activity 
so far as the slope of the curves is concerned. 
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Fig. 3. Retention of whole-body radiocalcium (above) and specific activity of urine, stools 
and blood (below) of patient J.H., a 66 year old woman with acromegaly. These data 
are typical of those for the other patients with acromegaly which are summarized in 
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RESULTS AND DISCUSSION 


In view of the current uncertainty as to the suitability of the various mathe- 
matical models which have been proposed for calcium metabolism, no complex 
mathematical treatment is attempted here. A simple graphical analysis is used, 
based on the assumption that retention can be expressed by a sum of exponentials. 
The interpretations given here are with the reservation that better models will 
undoubtedly be derived in the future. 

All of the Ca‘? retention curves are plotted on semi-log coordinates, on 
which straight lines represent exponential functions. By extrapolation of a straight 
line fitted by hand to the last segment of the curves, a “final” slope can be sub- 
tracted from the retention curve and the exponential components resolved con- 
secutively in the usual way. When plotted on log-log coordinates the curves are 
convex upward demonstrating that the data are best fitted by exponential func- 
tions rather than by a power function. This interpretation of the curves is in 
agreement with the results of the first 30 days of Sr*® data of Cohn et al (8), who 
found that after 30 days the data were best fitted by a power function to which 
an equivalent exponential could be fitted for purposes of resolving the ex- 
ponentials of the earlier part of the curve. 


I. Normal Bone Metabolism 


The first group of patients, whose Ca‘? retention curves are shown in Figure 
1, were chosen because their calcium metabolism was believed to be normal. 
Only one of these subjects, the 33 year old male, was actually without any known 
disease. As can be seen, the three adult patients who had, respectively, diabetes, 
breast cancer (without demonstrable bone involvement), treated sprue, and the 
normal male do not exhibit retention curves markedly different from each other 
and have initial half-times of 28 to 30 days. There is another component appear- 
ing between the 24th and the 30th day; it has not been possible to measure its 
half-time in normals with the administration of the small amount of Ca‘** used 
here, and thus no values for either component can be given. 


II. Mammary Carcinoma with Osseous Metastases 


Calcium retention curves from four female patients with metastatic mam- 
mary carcinoma are shown in Figure 2. All of the patients were premenopausal 
at the time their breast lesions were detected, and had been oophorectomized 
prior to receiving pituitary ablation with 900 mev alpha particles from the 184 
inch cyclotron (9). 


Patient I.S. was a 47 year-old housewife who had extensive cutaneous and 
pleural metastases. There were no obvious osseous metastases. The alkaline phos- 
phatase, serum calcium, and 24 hour urinary calcium excretion were normal. 
Her calcium retention curve was considered to be normal, and is shown in Fig- 
ure 1 and as I.S. in Figure 2. 


Patient P.L. was a 48 year old telephone operator who had extensive osseous 
and hepatic metastases. She had marked hypercalciuria and developed severe 





412 SARGENT, LINFOOT, STAUFFER AND LAWRENCE 


hypercalcemia (16.0 mg per cent) while undergoing pituitary irradiation, and 
died shortly after treatment. Our study was terminated by her death. Her calcium 
curve showed an extremely rapid turnover. 

Patient G.S. was a 49 year old housewife with carcinoma en cuirasse, and 
also had metastatic involvement of the dorsal and lumbar spine. She had a nor- 
mal alkaline phosphatase, mild hypercalcemia (13.0 mg per cent), and hyper- 
calciuria. Her calcium curve was slightly less steep than the former patient, but 
distinctly different from patient LS. 

Two retention curves are presented on patient J.R. who was a 56 year old 
housewife in whom only osseous metastases were clinically detectable. The 
serum calcium and alkaline phosphatase were normal. The first curve (A) was 
obtained prior to treatment and resembles that of the preceding patients. The 
second curve (B) was obtained after she was in clinical remisison following com- 
bined use of pituitary irradiation and chemotherapy. There is a striking difference 
between the two curves. The shapes of the curves are similar, but before treat- 
ment the turnover rate of calcium was much greater. The curve after treatment 
probably represents deposition of calcium into areas of the skeleton which were 
previously being destroyed by osteolytic lesions. 
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Fig. 4. Radiocalcium retention in six patients with acromegaly of varying degrees of severity. 
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III. Acromegaly 


The profound effects of growth hormone on cartilage and enchondral 
bone formation are responsible for the skeletal changes which are characteristic 
of pituitary gigantism and acromegaly. Marked disturbance in calcium metabo- 
lism is not a clinically important feature of these disorders except in those rela: 
tively rare cases with multiple endocrine tumors and coexisting parathyroid 
adenomata (10). However, hypercalciuria and hyperphosphatemia are frequently 
seen in active acromegaly. Bauer and Aub (11), using the calcium balance tech- 
nique, found hypercalciuria and negative calcium balance in four acromegalics 
and concluded that the degree of negative calcium balance correlated with the 
clinical degree of severity, and improved with pituitary irradiation. More recent 
studies (12) employing similar techniques showed that the hypercalciuria was 
associated with increased intestinal absorption of calcium, and calcium balance 
remained positive. Furthermore, the administration of primate growth hormone 
to human subjects produces hypercalciuria, but does not induce negative calcium 
balance (13,14). A study of total body calcium turnover should provide a clearer 
picture of calcium dynamics in acromegaly and also make it possible to determine 
whether abnormalities in calcium dynamics correlate with clinical findings. 

Tracer studies of bone metabolism in acromegaly are not numerous. Stable 
strontium has been used to demonstrate an increase in the exchangeable calcium 
pools in acromegalics (15), but strontium is handled differently from calcium in 
the body and only short term studies can be carried out with non-radioactive 
tracers. In these studies, the whole body counter was used in conjunction with 
measurements of Ca‘? in blood, urine, and stools on a group of six acromegalics 
who were considered to have varying clinicaldegrees of activity. 

An example of the data is shown in Figure 3, in this case patient J.H. In not 
all cases did the specific activity curves of the blood and urine coincide as well 
as here, where a single curve has been fitted by hand to points of both blood 
and urine. In all cases, however, the blood and urine curves were parallel, as 
was the fecal activity when calculated per gram of stool. The serum curves were 
resolved graphically into a sum of exponentials, and the half times of each com- 
ponent are shown in Table I. The half times T,,, T,,, T,, are calculated from 
serum data and correspond to the rate constants k,, k,, and k, of Bauer et al (5) 
where k = 0.693/T. Analyses such as these are based on the assumption that the 
longest half-time, T,,, is the final one which is not valid. Serum activity has not 
been measured for periods of time sufficiently long to determine longer half- 
times except in one study (7). 

A similar analysis of whole body retention data revealed a half-time T,, 
which had approximately the same value as T,, in each patient, but in addition 
showed a longer half-time, T,. The half-times T,, and T,, represent mixing with 
various calcium pools in the body (5), and do not appear in the whole body re- 
tention curve, because there is no net loss from the body. T, is generally con- 
sidered (5,6,7,8) to represent the exchangeable calcium pool of the body. 

Table I also shows the patients’ symptoms and the physician’s total impres- 
sion of the clinical degree of activity. The cases are arranged in order of their 
decreasing clinical severity. While the half-times T,, (serum) and T, (whole 
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body) are in reasonable agreement in each patient, there is no apparent cor- 
relation with the clinical severity of the disease. Figure 4 shows the retention 
curve for each of these patients. All the curves have very similar shapes, and 
are strikingly different from the normals in Figure 1. Since the smallest slope 
(longest half-time T,) is presumed to represent turnover of the tracer which has 
been deposited in bone (8), it can be seen by qualitative examination of the 
curves that the patients with acromegaly deposit far more calcium into this com- 
partment than normals. Although, as mentioned previously, T, does not represent 
the final slope of the curve, extrapolation of its slope to injection time yields an 
intercept which is a fair representation of the amount of tracer which entered this 
compartment. The normals could not be followed long enough to see this longer 
half-time, but it is obvious from the curves that its intercept would be much lower 
than in acromegaly. This longer half-time component must exist in normals be- 
cause it has been found with Sr* in patients with no known bone disease (8). In 
contrast to the shorter half-times shown in Table I, the T, intercept appears to 


TABLE I 


COMPARISON OF CLINICAL FINDINGS WITH SERUM AND WHOLE Bopy 
TURNOVER OF CaA‘", 





Clinical Findings Serum Whole Body 
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H.B. moderate .2 | moderately 
33 active 





normal .4 | moderately 
active 





slight .2 | moderate (also 
arthritis, 
osteoporosis ) 





inactive (hys- 
terectomy, 
arthritis) 



































USE OF WHOLE BODY COUNTER IN TURNOVER STUDIES WITH CA‘* 415 


correlate with the severity of the disease, the higher intercepts occurring in the 
more severe cases. 


Since the degree of activity in acromegaly is difficult to assess clinically, 
these preliminary studies indicate that the whole body counter not only provides 
a highly satisfactory method of studying abnormal calcium metabolism in acro- 
megaly, but may also be of value in determining the degree of activity and the 
effectiveness of therapy. Follow-up studies of patients who have received treat- 
ment for their acromegaly should make such studies more complete. 


It is highly desirable to extend the retention curves beyond the relatively 
short time possible with Ca*’, so that the curves may be analyzed accurately and 
completely for half-times and compartment sizes. The only feasible way to extend 
the retention curve is to administer Sr®° and Ca‘ simultaneously to the same 
patients. It is known that strontium is not a perfect tracer for calcium, and that 
the body discriminates against strontium in favor of calcium (2). By using both 
isotopes simultaneously, however, it should be possible to normalize and fit the 
data of Sr*° to obtain an equivalent long-term retention curve for calcium. Future 
studies using both Ca‘? and Sr®*> are planned. 


SUMMARY 


A whole body counter has been used to study Ca‘? turnover in normal sub- 
jects, in patients with metastatic breast cancer, and in patients with acromegaly. 
Patients with osseous metastases of breast cancer have greatly increased turn- 
over rates. Patients with acromegaly have increased retention of calcium, pre- 
sumably in bone, and the extent of increased-retention seems to correlate with 
the severity of the disease. 
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Parathyroid Scanning With 
Selenium” Labelled Methionine’” 


Walter DiGiulio, M.D. and 
William H. Beierwaltes, M.D. 


Ann Arbor, Michigan 


In 1962 we evaluated the use of Co’ B,, concentration in the parathyroid 
gland of dogs as a possible method of visualizing the parathyroid gland in vivo 
with the photoscanner (1). An extension of this work to the human (2) demon- 
strated that although the Co’ B,, also concentrated in the human parathyroid 
gland similar to that found in the dog, the specific activity of the Co*” B ,, prepa- 
ration today is too low to make this a practical method at present for visualizing 
the human hyperfunctioning parathyroid adenoma. 

When Potchen (3) demonstrated that tritiated methionine was concentrated 
in the rat parathyroid as demonstrated by autoradiography, we administered Se™® 
methionine to two patients and demonstrated that at operation the parathyroid 
glands showed sufficient relative and absolute tissue concentration to make 
it theoretically possible to scan a hyperfunctioning parathyroid adenoma (4). 

This communication presents our work to date on Se® methionine studies 
in humans and dogs in a continued effort to visualize the hyperfunctioning para- 
thyroid adenoma preoperatively in the human. 


Humans 


We have scanned three patients with hyperparathyroidism, two cases being 
associated with confirmed hyperfunctioning parathyroid adenomas. All patients 
have been hospitalized in a metabolic ward, placed on a low calcium, high pro- 
tein diet and given 300 yg of triiodothyronine a day for a minimum of five days 
before being given an intravenous injection of a calculated 250 uc of Se™ methi- 
onine.® In a 44 year old woman, L.C., the parathyroid adenoma was located in 
photoscans taken at 5 minutes, 1% hours, and 8 hours following injection (Fig. la) 


*From the Departments of Internal Medicine (Nuclear Medicine), University of Michigan 
Medical School and United States Veterans Administration Hospital Radioisotope Service, Ann 
Arbor, Michigan. 


*Supported by the Nuclear Medicine Research Fund. 
*Sethotope, Squibb Medatopes, New Brunswick, N.J. 
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Fig. la. Photograph of a photoscan taken at 8 hours after injection of 250 uc of Se75 labelled 
methionine in L.C. An area of concentration of radioactivity is seen slightly to the 
right of the midline and just below the top of the thyroid cartilage. This diagnosis of 
the location was recorded on the chart preoperatively. 


as an area of increased concentration of radioactivity slightly to the right of the 
midline and just below the top of the thyroid cartilage. This diagnosis of location 
was recorded on the chart preoperatively. At surgery, 72 hours after injection, 
a 3 x 1 cm adenoma, weighing 3.3 grams was found deep behind the upper part 
of the right lobe of the thyroid gland as shown in Figure 1b. Figure lc shows 
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Fig. lb. Photograph of parathyroid adenoma in L.C. in situ with right lobe of thyroid re- 


tracted to left. The tumor is located in the area of radioactivity localized in the pre- 
operative photoscan (see la). 


Fig. lc. Location of the parathyroid adenoma in L.C. shown diagrammatically after surgery. 
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Fig. 2a. Thyroid adenoma in M.F. shown preoperatively in left lobe in I thyroid scan. 


2b. Suggestion of localized concentration of Se® radioactivity in M.F. in 25 minute scan 
at lower end of right lobe. 


2c. Photograph of photoscan in M.F. at 3.5 hours shows no definite residual of this 
localized concentration of radioactivity. 
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diagrammatically the location of the excised parathyroid adenoma. The para- 
thyroid gland could not be located on the scans at 24, 36, 48 hours. 

A second patient, J.M., a 34 year old male, with clinically evident primary 
hyperparathyroidism had scans performed upon him at 15 minutes, 4 and 11 
hours after injection. None of these scans showed convincing evidence of localized 
uptake of Se. A parathyroid adenoma weighing 1.1 gram was found and 
removed and tissues were sampled for radioactivity at surgery 24 hours after 
injection. 
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Fig. 3a. Photograph of a phantom with two mock tumors in a background Se” radioactivity 


concentration of one-third the “tumor” concentration, simulating the relative radio- 
activity concentration found in tissue counting studies in patients L.C. and J.M. 


3b. Scan of mock tumors shows in figure 3a. The mock tumors are easily detected with 
the photoscanner under the simulated conditions found in the human. 
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TABLE | 


RELATIVE TISSUE CONCENTRATION OF RADIOISOTOPE 
LABELLED COMPOUNDS (yuyc/mg) 


L. C. (72 hours) J. M. (24 hours) 
PARATHYROID 18.4 11.6 
THYROID 7.8 


MUSCLE 12.9 
BLOOD 5.7 


A third patient, M.F., a 74 year old woman with clinically evident hyperpara- 
thyroidism and a thyroid adenoma in the lower part of the left lobe of the thyroid 
gland (Figure 2a) had parathyroid scans performed immediately after the 
Se’ methionine injection, and at 25 minutes, 2 and 3% hours after injection. The 
scans at 25 minutes and 2 hours showed a suggestion of localized uptake of Se™ 
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Fig. 4a. Curves of radioactivity concentrations in the dog after intravenous injection of Se™ 
labelled methionine. The blood curve is lowest at 30 minutes and rises to a plateau 
at 6 hours. 
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at the lower end of the right lobe of the thryoid gland as shown in Figure 2b, 
but not in the later scan at 3% hours as shown in Figure 2c. 

Two of 4 parathyroid glands removed at operation 21 days after injection 
were described as showing nodular hyperplasia. These two glands were located; 
(a) behind the thyroid adenoma, 3 x 5 mm in diameter, as shown at operation 
in Figure 3d, and was mostly fat, and (b) from the “superior mediastinum,” 
3 x 5 x 7 mm in diameter. A third bit of parathyroid tissue, located where sug- 
gestive uptake of Se*® was seen in the region of the lower end of the right lobe 
of the thyroid gland, was only 4 mm in size. 

Table I is a presentation of the tissue counting data on the first two patients. 
It is evident that the concentration of Se in parathyroid adenoma was as great 
as 3 times the concentration in muscle and blood and about 2 times the concen- 
tration in the thyroid gland. 

A study of an experimental phantom demonstrated that this relative concen- 
tration was sufficient to detect a parathyroid adenoma. The phantom, as shown 
in Figure 3a, consisted of two mock tumors in a background Se* concentration 
of one-third the “tumor” concentration. The scan shown in Figure 3b easily 
detected these mock tumors. The relative concentration ratios of 2 or 3 to 1 
found 24 and 72 hours after injection may well have been lower than the ratios 
which actually existed during the first hours after injection. 

The blood curves of Se* concentration after injection in our dogs suggest 
that the optimal target to non-target ratio of Se” concentration would be found 
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Fig. 4b. Almost identical curves as in (a), found in humans by Olendorf (J. Nucl. Med. 
4:231, 1963). 
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at two hours after injection as shown in Figure 4a. A similar blood curve was 
found in humans by Oldendorf (5), as shown in Figure 4b. 

Furthermore our dog studies demonstrated that the concentration of Se” in 
normal parathyroid tissue was higher at 2 hours than at 24 and 48 hours after 
injection. Therefore, it is possible that this time of high concentration of Se” 
in parathyroid gland, when the blood concentration of Se® is the lowest, might 
also be found in the human. 

Preliminary studies of urinary and fecal excretion of Se™ during the first 
two weeks of injection of Se’> methionine in two of these patients indicated 
that the 250 yc of Se*® methionine used in these patients had a biologic half-life 
of 23 and 36 days. It is apparent that these estimates may need revision after 
completion of long-term studies which are being conducted. Based on the 23 
day biologic half-life, (19.5 day effective half-life) 250 uc Se*> methionine delivers 
a whole body dose of radiation of about 615 millirads', as shown by the following 
calculations. : 

The injected Se* methionine, after diminishing in concentration in the blood, 
reappears fairly uniformly distributed in the serum proteins as shown in the 


1Hine, G. J. and Brownell, G. L.-Editors: Radiation Dosimetry, Academic Press Inc., N.Y., 
1956, p. 862. 
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SELENO~- METHIONINE INCORPORATION INTO HUMAN PLASMA wee eae 
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. (JA. Penner, Simpson institute, Uni ity of Michi 
(J.A. Penner, Simpson institute, University of Michigan) . re ee 


Fig. 5. Se® methionine distribution in human plasma protein fractions, 24 hours after injec- 
tion of 200 uc of Se® methionine. The radioactivity is widely distributed throughout 
all plasma protein fractions. (Penner, J. A.: Selenomethionine incorporation into 
plasma proteins, Clin. Res. 12:April, 1964). 





Fig. 6. Appearance of Se” methionine in red blood cells and disappearance from red blood 
cells and plasma to 140 days after intravenous injection of 200 uc of Se® labelled 
methionine. The disappearance is fastest from the plasma. (Penner, J. A.: Clin. Res. 
12:April, 1964). 
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Fig. 7. Summary of dog experiments designed to evaluate the effect of thyroid suppression 
with triiodothyronine (T*), propylthiouracil stimulation of the thyroid gland, and 
starvation, on the relative parathyroid concentration of Se” methionine as compared 
to the concentration of Se” in blood, thyroid, muscle and liver 2 hours after intra- 
venous injection of Se methionine. No effect is seen on uptake of these tissues rela- 
tive to the parathyroid. 
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Tp = 127 days E = 0.011 Me 

= 23 days rie = 1.84 r per mc hr at 1 cm 
T eff = 19.5 days g = 126 
- + 


g = CT eff (73.8 E, + 3.46 X 107g T') 


250 
D+ > (7 X 104) (19.5) [(73.8) (0.11) + (3.46 X 107”) (126) (1.84)] 


B 
= 69.6 X 107° [8.83] rads 
= 0.615 rad/250 uc Se’* Methionine 


radio electrophoresis performed by Dr. John Penner (6) of the serum of a 
patient one day after injection, in Figure 5. 

The Se™ methionine is apparently incorporated both in the protein of the 
plasma and in the red blood cells but disappears more rapidly with time from 
the plasma as shown in Figure 6 from a patient followed by Dr. Penner for 140 
days (7). 











e 


we ar 
———NINHYDRIN STAINED CHROMATOGRAM OF SE7SMETHIONINE 
=—-NINHYDRIN STAINED CHROMATOGRAM OF L- METHIONINE 
evcoeee LOCATION OF RADIOACTIVITY ON SE-METH CHROMATOGRAM 


Fig. 8. One dimensional ascending paper chromatographic analysis of Se“ methionine in 
butanol acetic acid and water solvent. Ninhydrin staining reveals three collections of 
amino-acids other than methionine although all of the Se® radioactivity migrates at the 
same Rf as pure methionine (.50). 
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Dogs 


Since our humans had been given triiodothyronine to suppress protein syn- 
thesis in the thyroid gland, a high protein diet to load the larger protein pools, 
and a low calcium diet to stimulate parathyroid gland protein synthesis activity, 
we have started experiments in dogs to evaluate the importance of each of these 
possible factors. To date, we have studied 3 normal control dogs, 3 starved dogs, 
4 dogs in triiodothyronine suppression and 2 dogs on propylthiouracil stimulation 
of the thyroid gland. All dogs were prepared under these various experimental 
conditions for a time period of 4-9 days, then given 4 uc of Se methionine/kg 
of body weight and sacrificed 2 hours later for assay of absolute and relative 
tissue concentration. Jf Se™ in a well-type scintillation counter. Figure 7 sum- 
marizes the results of these studies. No effect of any of these experimental meth- 
ods used to increase the target to non-target ratio were effective. 

Lastly, our preliminary studies lead us to believe that two sources of vari- 
ability in results at attempts to photoscan the parathyroid glands at present are: 

1. Impurities of the Se methionine which may lead to limitation of maxi- 

mum rate of uptake of Se*® methionine before sufficient radioactivity for 
detection has been accumulated by the parathyroid gland. 

2. Uptake of Se*> methionine by the bond marrow of the cervical spine 

and the sternum. 


Figure 8 summarizes the paper chromatographic analysis of Se’ methionine. 
Using a butanol, acetic acid and water (6:1.5:2.5) solvent system and ascending 


chromotography Se** methionine (solid line) chromotography showed nin-hydrin 
staining at four different Rfs. The radioactivity (dotted line) was localized at the 
peak having an Rf of .50, corresponding with the Rf peak of pure nonradioactive 
l-methionine (dotted line). Other major peaks were at .70 and .36 and .15. 
Densitometric scanning indicated that these other peaks constituted more than 
4 times the quantity of amino acid in the methionine area. 


Close inspection of some scans on L.C. and J.M., as shown in Figures 9a 
and b, shown that the cervical concentration of radioactivity is usually in mid- 


Fig. 9. Selenomethionine scans on L.C. (a) and J.M. (b) showing apparent high concentra- 
tion of radioactivity in bone marrow of cervical spine and sternum. 





PARATHYROID SCANNING WITH SE*® LABELLED METHIONINE 427 


line and may be somewhat spotty at different time intervals after injection. The 
concentration increases sharply at the suprasternal notch and matches the 
sternum in width. A suggestion of concentration is seen in the proximal end of 
the clavicles. This distribution of increased radioactivity concentration is com- 
patible with localization in bone marrow. This impression of concentration of 
Se’ labelled methonine in bone marrow was confirmed in patient J.B. by Dr. 
Penner (7) by bone marrow aspiration one hour after injection of 100 microcurieés 
of selenomethionine. The bone marrow showed a count of 3,563 counts per min- 
ute per milliliter while peripheral blood obtained simultaneously showed 140 
counts per minute per milliliter. The composition of the marrow was approxi- 
mately 6 per cent white blood cells, 8 per cent fat, 40 per cent plasma and 36% 
red blood cells. The fat and white cell layer had the highest concentration of 
radioactivity. Thus, the marrow activity was found to be approximately 30 times 
that of the peripheral blood. 


SUMMARY AND CONCLUSIONS 


Se™ methionine relative concentration in parathyroid gland is theoretically 
sufficient at present to draw a picture of a parathyroid adenoma and may well 
have been done successfully. The present preparation is undependably impure 
at present, however, and the uptake in the marrow of the cervical spine and 
sternum make the technique difficult to interpret. It should be possible to obtain 
pure Se™ labelled methionine in the future. Se’> methionine parathyroid photo- 


scanning may then become a practical procedure in detecting a fair sized para- 
thyroid adenoma. — 
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Previous reports from our laboratory and others have shown that rabbit I'*!- 
labeled and purified antibodies to rat fibrinogen will localize with considerable 
specificity in some transplantable rat tumors, in particular, the Murphy-Sturm 
lymphosarcoma (1,2). Studies with I'*!-labeled antibody to dog fibrinogen have 
shown that there are spontaneous dog tumors that will accumulate and retain 
such preparations (3). More recent investigations with purified and I'*!-labeled 
antibody to human fibrinogen indicate that there are some human tumors that 
will allow such preparations to localize with considerable specificity (4,5,6). In 
fact, the ratio of I'*! activity in some of these neoplasms to the radioactivity in 
the blood and normal organs has led to therapeutic trials with such preparations 
that are highly radioactive. 

In over 50 per cent of the patients studied by scintillation scanning techniques 
after intravenous administration of I'*!-labeled antibody to human fibrinogen, 
there was definite accumulation in the tumors of the radioiodinated antibody. In 
some other cases there was suggestive evidence of tumor localization of the I'** 
preparation. It seemed that the use of these labeled antibodies as a diagnostic 
tool would be more widespread if some method were found to remove the cir- 
culating, non-tumor bound I'*! antibody while retaining in situ the activity local- 
ized in the tumor. This would approach the ideal tumor localizing agent in that 
there would be both concentration of the radioactive isotope by metabolic 
processes at the target area and also low radioactivity in the blood. 

One possible method of doing this is to remove the circulating I'*! antibody, 
which is chemically rabbit gamma globulin, by injecting an antiserum to the 
rabbit gamma globulin. Previous studies by Talmage and co-workers (7) and 
Melcher et al. (8) had shown that injection of an antiserum to a circulating non- 
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homologous I'*!-labeled protein would cause rapid elimination of the antigen 
from the blood. In this study, however, the antigen to be eliminated is in reality 
an antibody to a circulating rat plasma protein. Thus this report deals with 
studies on rats, some with transplantable tumors, who were injected intravenously 
with antibody to rat fibrinogen that was produced in rabbits, purified, and labeled 
with I'81, At various times thereafter, the rats were injected intravenously with 
non-labeled goat antiserum to rabbit gamma globulin and determinations were 
made of the I'* activity in blood, normal organs, and tumors. 


MATERIALS AND METHODS 


The method of preparing rat fibrinogen and the schedule for intravenous im- 
munization of the rabbits has been reported (2). The procedure used for pre- 
iodination purification of the antisera to rat fibrinogen is essentially the same as 
reported by Bale et. al. (9) except that the use of polyglutamic acid has been 
omitted. Sera from rabbits immunized with rat fibrin or fibrinogen were mixed 
with citrated rat plasma, and clotting was then induced by adding calcium and 
thrombin. The fibrin clot, obtained after centrifugation, had bound to it anti- 
fibrin antibody originally in the antiserum. After homogenizing and washing, the 
fibrin complex was eluted with a pH 11.6 phosphate buffer. At this pH the anti- 
body went back into solution as a relatively pure preparation. The iodination of 
this one-times (1X) purified anti-rat fibrinogen was done by the use of the ICI- 
catalase technique (10). As a protective protein of the I'*!-labeled antibody, 
human albumin was used instead of normal rabbit serum so that the in vivo 
studies would not be complicated by the_presence of rabbit gamma globulin 


TABLE I, 


It Activity FounpD IN BLoop OF NORMAL RaATs AT 2 AND 24 Hours AFTER 

INTRAVENOUS INJECTION OF 1 ML DILUTIONS OF GOAT ANTISERUM TO NORMAL 

RABBIT GAMMA GLOBULIN. GRouP 6 WAS A CONTROL. TWENTY Hours EARLIER 

ALL Rats HAD BEEN INJECTED WITH 0.036 MG I'*! PURIFIED RABBIT ANTIBODY 
TO RAT FIBRINOGEN. EACH Group ConsIsTs OF 2 Rats. 





% Injected Dose Found 
Per Gram of Blood 





1 MI 

Diluted Goat Antiserum 2 Hours 24 Hours 
(6 Mg Autibody Per Ml Post-Goat Post-Goat 
Undiluted) Antiserum Antiserum 








1/4 0.20 
116 0.19 
1/64 0. 
1/256 

1/1024 
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from the normal rabbit serum. Goat anti-rabbit gamma globulin was purchased!, 
titrated to determine its immunological titer, and immunoelectrophoresed to 
verify its specificity. 

Sprague-Dawley rats were inoculated with Murphy-Sturm tumors using the 
trocar implantation technique. The protein solutions were injected intravenously 
into the exposed saphenous vein while the rats were under 50 per cent O,-50 
per cent CO, anesthesia. Sacrifice was done using prolonged ether exposure. Dur- 
ing the experimental period the rats were maintained on water containing 6.25 x 
10* M KI to reduce uptake of catabolized I'*! by the thyroid. 


RESULTS 


In vivo titration of goat antiserum to rabbit gamma globulin: Each of 12 
rats was injected intravenously with 0.75 ml ['*!-labeled 1X purified anti-rat 
fibrinogen. This preparation had been iodinated one month earlier, frozen imme- 
diately, and thawed for use in these experiments. At the time of injection, each 
0.75 ml contained 0.036 mg rabbit anti-rat fibrinogen antibody of which about 
60 per cent of the I'*! activity was bound to a clot formed by adding calcium 
and thrombin to citrated rat plasma. Twenty hours later 10 of the 12 rats were 
injected intravenously with 1 ml of various dilutions of goat anti-rabbit gamma 
globulin that contained 6 mg antibody per ml undiluted antiserum. Blood samples 
were obtained by cardiac puncture 2 and 24 hours after the injection of the goat 
antiserum to rabbit gamma globulin and I'*! activity in the blood determined. 
This was calculated as per cent of original injected dose found per gram of blood 
and the results are given in Table I. Within 2 hours after the goat antiserum in- 
jection, the I'*! activity in Groups 1 through 4 had decreased by a factor of 5 


Antibodies, Inc., Davis, California. 


TABLE IIT. 


PER CENT OF CONTROL (GRouP 6) I'*! Activity Founp In Rats AT VARIOUS 
Times AFTER INTRAVENOUS INJECTION OF 1 ML DILUTIONS OF GOAT ANTISERUM 
TO NoRMAL RABBIT GAMMA GLOBULIN. TWENTY Hours EARLIER, ALL RATS 
Hap BEEN INJECTED INTRAVENOUSLY WITH 0.036 MG PURIFIED [!*! RABBIT 
ANTIBODY TO RAT FIBRINOGEN. EACH Group COoNsISTs OF Two Rats. 





Diluted Goat I'3| Whole Body Activity Al: 
Group Antiserum 
No. (1 Ml) 5 Hours 9 Hours 22 Hours 








1/4 92.4 74.8 39.7 
1/16 98.9 75.9 40.3 
1/64 87.6 61.1 34.2 
1/256 92.6 83.8 61.1 
1/1024 91.1 88.6 79.2 
100 100 100 
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and this was also evident 24 hours later. Group 3 had received a dilution of goat 
antiserum that was at the optimum proportions zone for the amount of I'*!- 
labeled rabbit protein originally injected into the rats. By 24 hours, Groups 1, 2, 
and 3 showed similar decreases in I'*! activity when compared with the controls 
(Group 6). Group 4 also had the initial decrease but there was not a comparable 
lessening in I'*! activity at 24 hours such as exhibited by those groups receiving 
higher concentrations of the goat antiserum. Group 5 was very similar to the 
controls, presumably there was substantial antigen excess here. 

Whole body I'*! determinations, using external gamma-ray counting, were 
also done on these rats at various times after the goat antiserum. The results 
of these determinations are shown in Table II and are tabulated as percentages 
of Group 6, the control group. At 5 hours all groups are slightly less than the 
control values, but by 9 hours there is a definite decrease in Groups 1, 2, and 3 
which is most pronounced at 22 hours. Compared to controls, these now have 
about % the whole body activity and Group 4 and 5 somewhat more. When com- 
pared with the blood I'*! activity (Table I), the decrease in I'*! noted at 2 hours 
is not very evident in terms of the whole body burden at 5 hours. Thus the 
I'S! attached to anti-rat fibrinogen, although not present in the circulating blood 
at this time, is still retained by the whole animal. 

Serial sacrifice studies on normal rats: Twenty-two rats were each injected 
with 1 ml I'*! purified rabbit antibody to rat fibrinogen containing 0.048 mg 
protein. The rats were counted for whole body I'*! activity soon after injection 
and intermittently until sacrifice. At various times after the radioactive injection, 
some pairs of rats were injected with 1 ml of 1/60 dilution of goat antiserum 
to rabbit gamma globulin. Just before sacrifice, blood samples were taken by 
cardiac puncture under light anesthesia, the rats then sacrificed, and approxi- 
mately 1 gram portions of lung, liver, spleen, and kidney removed and blotted 
gently to remove excess blood. The tissues were placed into tared glass tubes, 
weighed, and I'*! activity determined using a well-type scintillation counter. 
The results are shown in Figure 1 as per cent of injected I'*! dose found per 
gram of tissue. The control graphs were obtained by sacrifice of rats who had 
received only the I'* anti-rat fibrinogen. Thirty minutes after the goat antiserum 
injection the first pair of rats were sacrificed and there was a substantial decrease 
in I'*! activity at that time in blood, lung, and kidney. On the other hand, the 
activity in liver and spleen had increased. At 6 hours after the goat antiserum 
there was a slight rise in I'*! activity in the blood which is reflected in the 
radioactivity in the kidney and lung. It was during that period that the I'*1 was 
being released by the liver and spleen as shown by their marked decrease in 
radioactivity. By 12 hours, the I'*! activity in liver was below that of the control 
rats and its radioactivity decrease was comparable to that of blood and the other 
organs studied. The spleen, although it somewhat lost its radioactive burden 
during the 6-12 hour period, did not continue its downward trend since at the 
12, 17, and 24 hour samples its I'*! activity was quite similar to the control values. 

Figure 2 shows the I'*! activity in the whole body of control rats and those 
injected with goat antiserum to rabbit gamma globulin. There was not much 
change in the rat radioactivity until about 6 hours after the goat serum injection. 
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Although during that interval there had been a sharp drop in I'* activity in 
blood, that activity was then collected in the liver and spleen (Figure 1). It was 
only when these latter organs had catabolized the I'*! rabbit gamma globulin 
and eliminated their excess activity that there was a decrease in the whole body 
radioactivity. This loss of organ radioactivity was evident within 2% hours after 
the initial reaction and was seen thereafter in the whole body counts as a decrease 
in radioactivity. 

The effect of the goat antiserum injection on the I'*! antibody to rat fibrin- 
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Fig. 1. I activity in organs of rats injected with purified rabbit antibody to rat fibrinogen 
18 hours before injection with goat antiserum. 
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Fig, 2. Per cent of injected purified I antibody to rat fibrinogen found in whole body of 
normal rats. 
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ogen is shown as a function of the control radioactivity in Figure 3. Here a ratio 
of I'*' activity in organs of experimental rats (goat antiserum injected) to the 
radioactivity in the control rats is plotted. One can see the steep drop in blood, 
kidney, and lung activity and the rise in liver and spleen within 30 minutes after 
the goat antiserum injection. The liver started declining at 24% hours and continued 
its rapid loss of radioactivity. The spleen reached a plateau at 12 hours and 
remained there for the duration of the study. The I'*! in the whole body of the 
rat started to show a decrease at 6 hours when the liver and spleen were also 
decreasing. 

Immune elimination of normal rabbit gamma globulin and purified rabbit 
antibody to rat fibrinogen: All of the previous studies have been done on immune 
elimination of I'*!-labeled and purified rabbit antibody to rat fibrinogen. Although 
the injection of goat antiserum to rabbit gamma globulin did seem to bind and 
rapidly remove from circulation a major portion of the blood-born radioactivity, 
there was a possibility that the immune reaction between the goat antiserum 
and the rabbit anti-rat fibrinogen gamma globulin might not be occurring at a 
maximum. This might be due to a prior in vivo immune complexing between 
the rat’s circulating fibrinogen and the I'*!-labeled anti-rat fibrinogen antibody. 
It seemed possible that this fibrinogen-anti-fibrinogen reaction might make some 
of this antiserum unavailable or less likely to complex with the goat antiserum to 
rabbit gamma globulin. For this reason, a series of experiments were set up in 
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Fig. 3. Fraction of I activity found in rats injected with I'"-labeled anti-rat fibrinogen and 
with goat antiserum to rabbit gamma globulin compared with I activity in rats in- 
jected with only the radioactive preparation. 
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gamma globulin, 1X purified and 2X purified anti-rat fibrinogen antibodies. Arrow at 
24 hours indicates when the experimental animals were given goat antiserum to rabbit 
gamma globulin. 
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which normal rats were injected with I'*!-labeled normal rabbit gamma globulin, 
I'31 1X purified anti-rat fibrinogen, or I'*! anti-rat fibrinogen that was purified 
before and after iodination (2X purified). Some of these animals were injected 
24 hours later with goat anti-rabbit gamma globulin. At various times thereafter 
all animals were counted and blood samples obtained just before sacrifice. 


Figure 4 shows the whole body counts obtained on the three groups of rats. 
The solid lines indicate the I'*! activity present in those rats who were injected 
only with the labeled rabbit gamma globulins. There seems to be little, if any, 
difference in the rate of excretion of the radioisotope. The fact ‘that two of the 
labeled preparations had specificity to a circulating rat plasma protein did not 
seem to modify its biological half-life, since they were close to the values obtained 
with I'*!-labeled normal rabbit gamma globulin. Twenty hours after the initial 
injection of the labeled rabbit gamma globulin, 12 of the 16 rats in each group 
were injected intravenously with goat antiserum to rabbit gamma globulin and 
whole body counts done. These are shown as the dotted lines in Figure 4. Within 
5 hours after the goat antiserum injection, the experimental rats were beginning 
to excrete radioiodine faster than the control rats. By the end of 21.5 hours, their 
total body radioactivity was down to % of the control rats. Comparisons of the 
rate of excretion of I'*! and total amount excreted indicate no difference in the 
action of goat antiserum on the three I'*!-labeled preparations. It would thus 
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Fig. 5. I activity found in the blood of rats that had been injected with I'*-labeled normal 
rabbit gamma globulin or 1X and 2X purified anti-rat fibrinogen antibody prepara- 
tions. Some of the animals were given goat antiserum to rabbit gamma globulin. 
The percentage of the citrated plasma I'" activity reacting with clotting rat plasma 
or precipitating with TCA are also given. Each point represents the average values 
obtained on pairs of rats. 
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eem that the specificity of the anti-rat fibrinogen to circulating rat fibrinogen 
lid not decrease its complexing with goat antiserum to rabbit gamma globulin, 
nor the rate of catabolism of I'*", . 

Figure 5 is a composite graph of the three groups showing I'*! activity per 
sram of blood, I'*! protein precipitable from plasma by trichloroacetic acid, and 
the I'*! protein coming down in a clot formed by addition of calcium chloride and 
thrombin to citrated rat plasma. As with the whole body counts, the I'*! activities 
in the bloods of the control animals were very similar between the groups. Those 
animals receiving goat antiserums all showed a substantial decrease in I'*! blood 
activity two hours later and at 24 hours were at the same relative level of radio- 
activity. Those rats in the normal gamma globulin and IX purified group showed 
a rebound or diminution of I'*1 blood loss at about 7 hours. Such a phenomenon 
was shown very clearly in Figure 1 for the 1X purified preparation, so the non- 
conformity of the 7 hour rebound in the blood I'*! activity of the 1X purified 
preparation when compared with the normal rabbit gamma globulin rats might 
be due, in this case, to the use of only 2 animals per sacrifice. Those rats receiving 
I'5!.labeled 2X purified anti-rat fibrinogen followed by goat antiserum did not 
show a change in the rate of loss of I'*! from the blood as did the other group. 
This might be due to the small number of rats per group or to an error in esti- 
mating the concentration of rabbit gamma globulin, i.e., anti-rat fibrinogen anti- 
body, in the 2X purified preparation. For this, 1X purified anti-rat fibrinogen 
antibody was labeled with I'*! and repurified using absorption onto clotting 














% INJECTED I” DOSE IN TUMOR 
% INJECTED I” DOSE IN BLOOD 
TUMOR WEIGHT IN GRAMS 





29 
HOURS AFTER |'” ANTI-FIBRINOGEN ANTIBODY 


Fig. 6. I" activity found in blood and tumors of rats bearing the Murphy-Sturm lympho- 
sarcoma. Tumor weights are also given. The animals were sacrificed at various times 
after injection of I" purified antiserum to rat fibrinogen. The 24 and 48 hour values 
are averages of 10 rats, the 68 hour values are averages of 6 rats. 
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rat plasma. During the subsequent elution procedure, clot protein was solu- 
bilized as well as the I'*! antibody. It was thus not possible to get an absolute 
value for the gamma globulin present in the final 2X purified preparation. There- 
fore, estimates were made from the efficiency of I'*! recovery during the second 
purification, and it was assumed that this was a reasonable value for gamma 
globulin concentration. It is probable that this was a low estimate and may 
explain the slightly different blood disappearance curves. 

The percentage of the plasma I'*! activity that precipitated at a 6 per cent 
concentration of trichloroacetic acid showed a similar pattern with all three prepa- 
rations. At 7-13 hours, the amount of I'*! activity precipitated was less. This 
may be due to the presence of inorganic I'*! or of degraded I'*! gamma globulin 
in the circulation as a result of the liver’s catabolic action on the I*! antigen-anti- 
body complex. It was during this period that the total I'*! in the whole rat was 
decreasing as a result of the loss of activity from the liver (Figure 4). 

The citrated plasma samples obtained from those animals that had been in- 
jected with I'*!-labeled 1X and 2X purified anti-rat fibrinogen antibody were 
clotted by addition of calcium chloride and thrombin. The results of these 
studies are also shown in Figure 5. The control rats receiving the 1X purified 
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I activity found in blood and tumors of rats bearing the Murphy-Strum lympho- 
sarcoma. Tumor weights are also given. The animals were injected with I'-labeled 
antiserum to rat fibrinogen 24 hours before the goat antiserum to rabbit gamma globu- 
lin was given. Results were obtained from sacrifice of 10 rats at 24 and 48 hours after 
intravenous injection of I'* anti-fibrinogen antibody, 4 rats at 43 hours and 3 rats at 
66 hours. 
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preparation had 66 per cent of the I'*! activity reacting with clotting rat 
plasma at the beginning and end of the period of study. Those animals receiving 
the 2X purified preparation had about 78 per cent of the I'*! activity clottable 
during the same period. This difference in I'*' activity reacting with the rat 
plasma was due to the purification of the specific antibody. Both groups of rats 
receiving goat antiserum to rabbit gamma globulin showed a decrease in I'*! 
attached to antibody reacting with clotting rat plasma during the period when the 
TCA precipitable I?*1 had also been lowered. This may again show the effects of 
the liver’s catabolic activity on the I'*'-labeled foreign protein, i.e., rabbit gamma 
globulin. 

Studies on tumor-bearing rats: Rats were injected intravenously with 1X 
purified I'* antibody to rat fibrinogen 5 days after subcutaneous trocar implanta- 
tion in the flank with Murphy-Sturm lymphosarcoma. At various times some of 
these rats were injected with goat antiserum to rabbit gamma globulin. From 
these rats and the non-goat serum injected animals, blood samples were obtained 
just before sacrifice by ether anesthesia. The tumor was removed, divided into ap- 
proximately 1 gram samples, counted, weighed, and calculations were made to 
determine the per cent of the injected I'*! dose found per gram of tumor and 
blood. Although the amount of radioactivity varied in each series, the ratio of 
goat antiserum to anti-fibrinogen antibody was kept reasonably constant and was 
in the same range as the previous experiments. 

Figure 6 shows graphs of per cent injected I'*! dose found per gram of tumor, 
per gram of blood, and in the whole tumor. In addition, the average weights of 
the tumors at the time of sacrifice are given. These are control animals who were 
injected only with I'*! purified antiserum to rat fibrinogen. During the 2 day 
period of data collection, the tumor weight increased from 1.5 grams to 5.4 grams. 
The I'*! activity found per gram of tumor, on the other hand, showed only a 
slight decrease during the first 24 hours of this study and a substantial drop during 
the remainder. This was reflected in the radioactivity in the whole tumor since 
the amount of increase in I’! was reasonably proportional to the increase in 
weight of the tumor for the first 24 hours. In the last 20 hour period, although 
there was almost a doubling in tumor weight, the I'*! in the whole tumor was not 
much changed. Here, on a per gram basis, the tumor did not seem to be concen- 
trating the I'*!-labeled antibody at all. There had been a substantial decrease 
in blood I'*! activity during that period and this may be responsible for the in- 
ability of the tumor to continue concentrating the radioisotope. As the weight 
of the tumor was doubling, the I'*! activity was halved and one obtains a con- 
stant I'81 level in the whole tumor during this period. It had been verified that 
the I'8! antibody to rat fibrinogen, several days after injection into such tumor- 
bearing rats, was still capable of localizing in tumors when reinjected into other 
tumor-bearing rats (11). 

The results shown in Figure 7 are for tumor-bearing rats injected intra- 
venously with goat antiserum to rabbit gamma globulin 24 hours after intravenous 
administration of I'* purified antibody to rat fibrinogen. At intervals blood sam- 
ples were taken, the rats sacrified, and the tumors weighed and counted. 

During the first 24 hours after the intravenous injection of goat antiserum to 
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rabbit gamma globulin, the I'*! activity in the whole tumor was remarkably con- 
stant. The activity during this period, on a per gram basis, had gone down by a 
factor of two while the weight of the tumor had doubled. Even though the I'*! 
anti-rat fibrinogen antibody in the circulation for almost this entire period was 
considerably reduced, the amount of radioisotope in the whole tumor had not 
decreased. For the second day of this study, the radioactivity in the whole tumor, 
as well as on a per gram basis, had gone down. Presumably, catabolic and fibrino- 
lytic processes were now degrading the anti-fibrinogen antibody and possibly 
the fibrin that had been laid down in the tumor stroma. The results obtained 
demonstrate that, with the Murphy-Strum lymphosarcoma, rapid removal of 80 
per cent of the circulating I'*!-labeled antibody does not immediately decrease 
the radioactivity bound in the tumor. 


DISCUSSION 


The use of antiserum to rabbit gamma globulin is an efficient technique for 
removing circulating non-homologous gamma globulin. With a radioisotope at- 
tached to this foreign protein, measurements to determine the fate of this pro- 
tein are rapid and reliable. Valid comparisons can be made between the reactions 
of in vitro labeled and in vivo labeled serum proteins if the number of atoms of 
radioactive isotope attached to the protein are kept low (12). This was done in 
the series of experiments reported here. There is also no reason to suspect that 
the antibody purification techniques modified the gamma globulins as indicated 
by their biological half-life in a heterologous host (Figure 5). 

The reaction between goat antiserum to rabbit gamma globulin and circulat- 
ing I'*!-labeled rabbit gamma globulin occurs so rapidly that the I*! activity in 
blood is reduced by a factor of 4-5 within 30 minutes. It would seem that there 
is a very fast complexing between the antigen (rabbit gamma globulin) and its 
antiserum and that the complex is soon deposited in the liver and spleen. Although 
the I'*!activity per gram of blood is substantially reduced immediately after the 
goat antiserum injection, the total body I'*! content does not start to decrease for 
about 4-6 hours. 

Of great interest and importance to our studies are the levels of I'*! in the 
Murphy-Sturm tumors after the goat antiserum has been administered. For 24 
hours the activity of I'*' in the whole tumor remains unchanged, even though in 
the control rats the whole tumor radioactivity is increasing during this period. 
This is probably due to the drastic change in circulating I'*' activity as a result 
of the administration of the antiserum to rabbit gamma globulin. Although on a 
whole tumor basis the I'*! activity is constant for 24 hours after the goat anti- 
serum, there is a definite decrease in tumor radioactivity when calculated on a 
gram basis. It is probable that this is a reflection of the growth of the tumor 
during this period and the low I'*! activity in blood of the anti-fibrinogen anti- 
body. It would be reasonable to assume that in tumors that are not growing as 
rapidly, the radioactivity per gram would be constant over this period. At 48 
hours after the I'*! anti-fibrinogen antibody, the ratio of I'*! activity in tumor 
and blood for the control animals (Figure 6) on a per-gram basis is 6:1. Meas- 
urements done two days after the administration of the labeled preparation and 
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24 hours after the goat antiserum gave a ratio of 17:1. This is an increase of 2.8 
times, which would facilitate detection of the tumor by external scintillation 
scans. Twenty hours later the ratio of tumor to blood was 4.2 for the controls 
and 9.3 for those injected 44 hours earlier with the antiserum to rabbit gamma 
globulin, still over a two-fold advantage. 

The I!*! level in the whole tumor for a substantial period after goat anti- 
serum indicates that if this immunological technique were used on larger subjects, 
one would be able to decrease the background I'*! activity in the circulation by 
a factor of at least two, while the radioactivity in a tumor that had accumulated 
the labeled antibody would remain relatively unchanged. Soon after the admin- 
istration of goat antiserum, the radioactivity in the blood goes down by a factor 
of 4-5, the I''-labeled antibody in the extravascular fluid does not seem to be 
reduced as much and this prevents the total decrease in activity as determined by 
a scintillation scanner from matching the blood decriment. In the liver and spleen 
an increase in I'*! activity after rabbit gamma globulin antiserum essentially 
masks any previous accumulation of I'*! antibody to fibrinogen. Such studies have 
already been done on dogs. The reaction between I'*! rabbit antibody to dog 
fibrinogen and the goat antiserum to it is the same as reported in these rat studies. 
There are no untoward systemic reactions to the in vivo antigen-antibody com- 
plexing and its subsequent deposition. Scintillation scans of areas with localized 
['1 anti-fibrinogen before and after the administration of anti-rabbit gamma 
globulin demonstrate that this technique will offer a distinct advantage for locat- 
ing thrombi and neoplasms in humans. 

If used for locating human tumors, this will approach the more idealized 
tumor-detecting isotope technique as outlined by Blau and Bender (13). Anti- 
fibrinogen antibody can presumably be located in tumor as a function of the local 
breakdown of the blood-brain barrier, but can also concentrate, in at least some 
instances, in human neoplasms (4,5,6) as a result of a metabolic reaction occur- 
ring in the tumor stroma. Once this has occurred, a good proportion of the cir- 
culating radioactivity can be removed very rapidly with the goat antiserum to 
rabbit gamma globulin. This then may be considered an agent for localization 
and detection of tumors that is concentrated by the metabolism of the tumor 
stroma, yet at a desired time the circulating I'*' activity may be quickly reduced. 

Since in the tumor studies the rabbit gamma globulin being removed by spe- 
cific goat antiserum can react immunologically with circulating rat fibrinogen, 
it was conceivable that the prior reaction with a circulating homologous plasma 
protein might decrease its affinity for the goat antiserum. Comparisons of the 
amount and rate of elimination of I'*! normal gamma globulin and I'*! 1X and 
2X purified anti-rat fibrinogen do not show much difference. Thus, it would seem 
that the probable reaction of the purified anti-fibrinogen antibody preparations 
with circulating rat fibrinogen does not interfere with the combination with the 
specific goat antiserum. 

From the two days of data on blood radioactivity and whole body counts of 
rats injected with I'*! normal rabbit gamma globulin and 1X and 2X purified 
antibody to rat fibrinogen (Figures 4 and 5), there is no evidence of a change 
in the metabolism of the labeled rabbit protein as a result of the latter being 
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immunologically specific for a rat plasma protein, fibrinogen. It was possible that 
as a result of an in vivo complexing of rat fibrinogen, which has a short biological 
half-life, and its I'*!-labeled antibody that the antibody’s persistance could be 
reduced. There is no sign of this in our studies which are, however, being don 
with a very large excess of antigen. 

Of great interest is the perseverance of the I'*! label in the whole tumor for 
the first 24 hours after the goat antiserum. This suggests that there is little, if any, 
dynamic equilibrium between the I'*! anti-fibrinogen antibody bound in the 
tumor and that in the circulation. This I'*! label is evidently firmly fixed in the 
tumor when it is laid down and during the first day of our study is not being lost 
from the tumor. This may be due to a stability of the fibrin present in the tumor 
as a consequence of a lack or inhibition of fibrinolysis at this time. It is, however, 
also conceivable that there is lysis of fibrin or catabolism of the labeled antibody 
off its antigen, but before it leaves the stroma it re-complexes in another area of 
fibrin deposition or with fibrinogen about to be converted to fibrin. The validity 
of some of these suggestions can possibly be verified using immunological re- 
moval of I'*! anti-fibrinogen antibody in the presence of I'*°-labeled fibrinogen 
with the animals on anti-fibrinolytic agents (epsilon-amino caproic acid) or 
fibrinolytic compounds (plasmin). 


SUMMARY 


Purified I'*! rabbit antibody to rat fibrinogen has been substantially removed 
from circulation using goat antiserum to rabbit gamma globulin. Subsequent 
studies on I'*! activity in organs of such rats show considerable immediate deposi- 
tion of the radioactivity in the liver and somewhat less in the spleen; this is 
eliminated in 6-12 hours. I'*! determinations on Murphy-Sturm tumors in such 
immunologically treated animals demonstrate little, if any, loss of tumor-deposited 
I'31 for the first 24 hours. The bearing of these results on scintillation scanning 
techniques for tumors and thrombi are discussed. 
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Determination of Organ Volumes by Scintillation Scanning” 


Richard P. Spencer, M.D., Ph.D. 


New Haven, Connecticut 


Organ-localizing radioactively labeled materials have provided a means for 
locating organ contours by use of external scanning. Less attention has been paid 
to the problem of determining organ volumes. By use of gamma-emitting radio- 
isotopes, and scintillation scanning, data can be obtained which allow the calcula- 
tion of such volumes. In cases in which the amount of a therapeutic agent to be 
administered depends on the organ volume, it is desirable to have an estimate of 
this quantity. In addition, there are other uses of these data, as in following the 
postnatal development of an organ, and in the comparison of organ sizes be- 
tween species. We present here a discussion of the theory of estimating such 
volumes, and illustrate the general discussion by some specific examples. 


THEORY 


Following the scanning of an organ on anteroposterior and lateral views, the 
volume of the organ would be given (dimensionally) by an equation of the fol- 
lowing form: 


V=k(A.. A)* (1) 
where A, is the area of the anteroposterior scan, A, is the area of the lateral scan, 
and k is a constant. This formulation holds precisely for several types of figures. 
Simple algebraic proof is presented for 3 cases. 

(A) Sphere. The area of the anteroposterior scan of a sphere is equal to 
that of a circle, and so is the lateral scan. Hence, 
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k(ar’ . ar’) (2) 


V=kr rf = cr’ (3) 
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vith c a constant (which is, of course, equal to 4a 
(B) Cube. The areas of both the anteroposterior and lateral scans of a cube 
are equal to L?, with L the length of one side. Therefore: 


V=aL’. Lv’) (4) 
V = kL’ (5) 
In this case, k would equal 1. 
(C) Acylinder, such that: H = q.R (6) 
That is, with the height expressible as a simple multipicand of the radius. 


The anteroposterior and lateral scans of a cylinder reveal a rectangle with 
height H and width 2R, R is the radius ). Hence, we can write: 


V = (2RH . 2RH)* (7) 
substituting for H from equation (6) yields: 


V = k(2gR” . 2gR*)* (8) 
V=65.R (9) 


Fig. 1. Anteroposterior bladder scan of an 11 year old girl, following use of Hg**-chlormero- 
drin. 
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with b a new constant. Such an argument also holds for a cone in which 

the height is a simple multipicand of the radius. 

The volume of more complex figures is perhaps most simply approached 
by measuring the various linear dimensions and constructing a suitable model. 
Again, by dimensional analysis, the general equation would be of the form: 


V = K(L.W.H.) (10) 


where K is a constant and L is the length, W is width, and H is height. This, of 
course, holds exactly for only certain figures. It must be recognized that when 
figures in vivo deviate from precisely defined shapes, estimation of their volumes 
becomes less exact. 

In some cases it may be possible to relate the observed scan with a well 
defined solid figure whose volume can be calculated. For example, the non-dis- 
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Fig. 2. Right lateral scan of the bladder of a 20 year old man, utilizing Hg®*-chlormerodrin. 
The outline drawn about the scan is that of a circle. Observe that due to external 
compression, a spherical segment of one base appears to have been cut off the 

spherical bladder. 
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tended human bladder has been observed on scans to closely approximate a 
spherical segment of two bases. The volume of such a figure is given by: 


V = a (371° + 3r2” + h’) (11) 


where r, and r, are the radii of the bases and h is the height. 

An additional approach is possible by recognizing that the volume of some 
figures can be described by simple integrals once the equations for their contour 
or cross-sectional area are known. There are three principal techniques (1). 

(a) If the outline of the figure can be described by y = f(x), and if the 

figure is rotated about the x-axis between the coordinates x = c and x = d, 

the volume is given by: 


z=d 


Vers y'dx (12) 


@a=c 






(b) An alternative to the above procedure is to divide the figure into multi- 
ple cylindrical shells. The volume is then given by: 


Lebo Odd LINE? 





z=d 


V =20n ff xydx (13) 









Fig. 3. Bladder scan of a 65 year old man using Hg*-chlormerodrin. The scan resembles a 
spherical segment of two bases, 
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(c) For any solid figure for which the area of a cross section at a distance 
x from a fixed plane, can be expressed in terms of x, the volume can be ob- 
tained from: 


r=d 


V= Sf A(x)dx (14) 


z=c 


where A(x) is the area in terms of x. 


Midline 














* 


Fig. 4. Posteroanterior (top) and right lateral (bottom) scans of the kidneys of a 473 gram 
male chinchilla, using Hg**-chlormerodrin. 
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METHODS 


Human bladder scans were performed 2 hours after the intravenous (or deep 
intramuscular ) injection of 50-100 microcuries of Hg?°*-chlormerodrin. The scan- 
ning instrument was a Picker Magnascanner with large collimator (focal distance 
7.0 em) set just above the skin surface. Lines were traced 0.5 cm apart at a 
scanning speed of 20 cm/sec. Renal scans in adult chinchillas and rats were per- 
formed 2 hours after administering 50 microcuries of the radiolabeled chlor- 
merodrin; good scans could also be obtained at only a fraction of this quantity 
of compound. Chinchillas were kindly provided by Mr. Helmut Gehmlich of the 
Gayla Chinchilla Ranch. For scanning the animals, the small collimator was em- 
ployed and was set 5 cm away from the skin. The scanning speed was reduced 





Fig. 5. Renal scan following administration of Hg**-chlormerodrin to an adult male rat. The 
dome of the bladder can be visualized in addition to the kidneys. 
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to 15 cm/sec. and the lines were set at 0.25 cm apart. To clearly distinguish the 
organ under study from the background, it was essential to have as short a time 
constant as possible (so that counts were not averaged over a prolonged period 
and “spilled” from organ outline to background). We have used a % or % second 
time constant. It was observed that when given subcutaneously, Hg?°*-chlor- 
merodrin was not efficiently absorbed from the depot site in the chinchilla within 
3 hours. After intramuscular injection, there was still some retained activity at the 
injection site 3 hours later. 


RESULTS AND DISCUSSION 


Anteroposterior scans of the distended human bladder closely approximate 
a sphere (Fig. 1). If the organ were indeed a perfect sphere, the volume in cm* 
could be readily calculated from the radius (or from the area estimated by 
planimetry, by cutting out the scan and comparing its weight with that of a 
standard area, or by use of any one of a number of approximation techniques (2). 


Bladder Volume in cmz Radius of sphere in cm 


1,000 
800 
600 
400 
200 
100 

50 


One pitfall is that the bladder may be compressed somewhat in the anteropos- 
terior direction; hence the need for a lateral scan. Corrections can be made for 
such compression, and accurate urinary volumes determined. Figure 2 shows the 
lateral bladder scan of a young man. A circle has been drawn about the outline. 
The scan closely fits the outline, except at the posterior-inferior border, where a 
spherical segment of one base has been removed by compression. The volume 
of a spherical segment of one base is given by: 


V= se (3r? + h’) (15) 


where r is the radius of the segment and h is its height. Hence, the volume of the 
bladder pictured in Figure 2 is equal to that of a sphere minus the “missing” 
spherical segment. 

The minimally filled urinary bladder often closely approximates a spherical 
segment of two bases (Fig. 3). The volume of such a figure can be calculated 
from equation (11). We have scanned such bladders in both the anterposterior 
and lateral directions before and after voiding. The voided volume of urine 
(original bladder volume-final bladder volume ) generally agrees (+ 10 cm*) with 
the quantity of urine actually collected. 

Two hours following the injection of Hg?°*-chlormerodrin in the chinchillas, a 
renal scan was performed (Fig. 4). It can be seen that the scans approximate an 
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\lipsoid of revolution. The volume of such a figure can be calculated from equa- 
on (12) since the equation for an ellipse is: 


4% = 4, The volume of an ellipsoid turns out to be: 
; 


V= = b’a (16) 
3 

here b is the minor semiaxis and a is the major semiaxis. The chinchilla kidneys 
ve not perfect ellipsoids of revolution (there is an indentation at the hilus), there 
is a slight magnification factor involved at these machine settings, and a factor 
is needed for conversion of volume to weight. The final equation for calculating 
ihe weight of the chinchilla kidneys thus contains a correction factor. The weight 
of the left kidney illustrated was calculated to be 1.74 gm (actual weight 1.76) 
and that of the right kidney 1.64 gm (actual weight 1.73). Over a series of 5 
chinchillas thus far, the estimate has been + 8 per cent of the actual weight. It 
should be emphasized that for other machine settings the value of the correction 
factor will be different (and, hence, careful placement is essential each time). 
Renal scans can be performed on other animals as well, and such a scan in the 
rat is shown in Figure 5. 

Attempts have previously been made to estimate the weight of the thyroid 
gland’ on the basis of the anteroposterior scintillation scan. The thyroid is, of 
course, a three dimensional organ, and scans from front to back are inadequate 
to give information as to the depth of the gland. Hence, a lateral scan should be 
performed, as well as an anteroposterior scan, when an attempt is being made 
to evaluate the volume of the thyroid, or any other organ. 


Estimation of the volume ot internal organs is presently potentially possible 
for each of the following organs, by use of scintillation scanning. 


Organ Technique 


Thyroid Uptake of radioiodine. 

Liver Gold uptake, or radic: .beled rose bengal. 

Spleen Use of Cr®!-red cells which were then heat de- 
natured. 

Kidney Mercury-labeled chlormerodrin or iodinated dye. 

Bladder Mercury-labeled chlormerodrin or other material 
that accumulates in the urine. 

Pancreas Se”-selenomethionine. 


It must be emphasized that the procedures discussed here for estimation 
of organ volumes are but a first approach, and refinement will be necessary. 
Already interesting variants are presenting themselves for analysis. For example, 
infarcts tend to resemble wedge-shaped regions whose volumes can be estimated 
by suitable equations. The ability to estimate the volume of functioning, and 


nonfunctioning, tissue may be a useful adjunct in both clinical and zoological 
studies (4, 5). 


FAY AA. T mL 





RICHARD P. SPENCER 


SUMMARY 


A discussion of estimating organ volumes on the basis of anteroposterior anc 
lateral scintillation scans is presented. The discussion is illustrated by the deter 
mination of the volume of the human bladder, and the weight of the chinchill: 
kidney. Potential uses of the techniques are pointed out. 
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Correlation of Renal Clearance Techniques in Dogs: 
Para-Aminohippuric Acid Compared With 
Radio-Iodinated Hippuran’ 


Robert H. Greenlaw, M.D. and William D. Hudgins 
Lexington, Kentucky 


There is a growing interest in the clinical application of tests of renal func- 
tion previously used in the research laboratory. Classically, determinations of 
renal blood flow have been based on data derived from para-aminohippuric acid 
(PAH) clearances. The search for a less cumbersome technique has led to the 
consideration of radio-iodinated hippuran (RIH) as a replacement of para- 
aminohippuric acid. 

Comparisons of RIH clearances with PAH clearances have been reported 
for man under conditions of continuous, simultaneous infusion of both agents (1), 
as well as under conditions of single, simultaneous injections of both agents (2). 
Comparisons have been made of constant-infusion PAH clearances with non- 
simultaneous, single injection RIH clearances 43). The purpose of this communi- 
cation is to report further comparisons of clearances with PAH and RIH under 
varying conditions in dogs. 


METHODS AND MATERIALS 


SIMULTANEOUS CLEARANCES: Fifteen adult mongrel dogs have been 
studied using renal function tests on 100 occasions over a period of 18 months. 
The status of the animals has changed from initial control condition, to left 
renal hypertrophy following right nephrectomy, to acute radiation exposure of 
the left kidney and then to post-radiation changes during the ensuing year. 

All function studies have been accomplished with dogs under pentobarbital 
anesthesia administered intravenously (30 mg/Kg). Diuresis for renal clearances 
has been induced by the use of 4-6 per cent solutions of urea given intravenously. 
PAH clearances have followed the procedure outlined by Smith (4). Briefly, a 
loading dose of PAH is injected (6 mg/Kg.) Following this, a continuous infusion 
of PAH solution (100 mg%) is given to maintain a plasma concentration of ap- 
proximately 2 mg per cent about 4 cc/min by drip). Twenty minutes after the ad- 
ministration of the priming dose and the start of the sustaining infusion, the blad- 
der is emptied, rinsed and a 20 minute clearance period started. Blood samples are 


*From the Department of Radiology, University of Kentucky Medical Center, Lexington, 
Kentucky. This work was carried out with the support of USPHS Grant # HE-06840-02. 
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obtained at the start, mid-point and end of each clearance period. Simultaneous! 
with the PAH clearance period, clearance with RIH is measured. For this, th: 
tracer is administered as a single injection, four minutes after the loading dos. 
of PAH, based on the schedule of 0.5 wc/Kg. For RIH, the clearance period i; 
initiated sixteen minutes after injection of tracer. 

Analyses of plasma and urine for PAH are according to the method of Smit): 
(5). Samples of plasma and urine are analysed for I'*! in a well-type scintilla- 
tion counter under strict conditions of similar geometry. 

SEQUENTIAL CLEARANCES: In addition to simultaneous clearance 
studies, PAH and RIH clearances have been measured on fifty-one occasions in 
the same dogs, at sequential times, but during the same anesthesia. Under these 
conditions, the procedure for PAH clearance is identical to the above. The RIH 
clearance is initiated approximately 30 minutes after the discontinuation of PAH 
sustaining solution and an hour after the PAH loading dose. 


RESULTS 


The data comparing 100 PAH clearances with RIH clearances when the 
two procedures are done simultaneously are presented in Table I. In this pres- 
entation, Status II is the situation with the animals after right nephrectomy and 
before irradiation of the left kidney. In general, this was a period of approxi- 
mately twenty-four weeks Status III is the situation with the animals after ir- 
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TABLE I—continued 


SIMULTANEOUS CLEARANCES PAH AND RIH 





Clearance Clearance RIH 
Animal Weight Status Status Urine flow PAH RIH 
II III cc/min cc/min/Kg cc/min/Kg PAH 
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TABLE I—continued 


SIMULTANEOUS CLEARANCES PAH AnD RIH 





Clearance Clearance RIH 
Weight Status Status Urine flow PAH RIH _— 
Kg II III cc/min cc/min/Kg_ cc/min/Kg 
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radiation of the left kidney. Clearance data are reported in cc/min/Kg as sup- 
ported by Houck®. The range of the comparison is from 0.61 to 1.18. The mean 
is 0.84. Seventy-one percent of observations lie within + 1 o, ninety-three percent 
are within + 2 c. The ratios of RIH and PAH are presented in Figure 1. 

The data comparing 51 RIH clearances with PAH clearances when the two 
procedures are done sequentially are presented in Table II. The range of the 
ratios in this series is from 0.27 to 2.56. The mean is 1.06. With this distribution 
of the data, thirty-three percent of the observations fall within + 1 o and only 
seventy-four percent are within + 3 c. The ratios of RIH to PAH are presented 
in Figure 2. 

The mean ratio 0.86 for simultaneous clearances of RIH to PAH is in the 
range of values reported by other authors under conditions of constant blood 
levels for both agents. A single reason for a ratio less than unity under these con- 
ditions has never been explained fully. The difference between work reported 
here and that of the other authors is the lack of an attempt to maintain a constant 
level of radio-iodinated hippuran in this work. 

No attempt was made to evaluate the level of free iodine in the radio- 
iodinated hippuran. The material was used as received from the supplier. A re- 
port of quality control from the supplier (7) indicates levels of free iodine greater 
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TABLE I ]—continued 


SEQUENTIAL CLEARANCES PAH AnpD RIH 





Urine Urine 
Weight Status Status Flow Flow Clearance Clearance 
Animal Kg II III PAH RIH PAH RIH 
cc/min cc/min cc/min/Kg cc/min/Kg 





#11 14. x 0.7 1.12 
a“ 17. x 88 
18. 74 
18. ; 22 


16. < ; ; ‘ : .16 
14. < ; ‘ ; ; 69 
16. ; ; ‘ ‘ 87 
17. P ‘ : ‘ 18 


15. ; ; : ‘ .21 


13. : ; ; : 47 
14. .s : 9. ; .98 
14. d ‘ : . 88 
16. . : : , ; 68 
17. ; i ' : .92 


12. ; 0. 8 ‘ 15 
12. j 1. i ; . 34 
13. : , ; : .00 


#17 B 19. : ‘ ; , .14 
. 10. 'e , : ‘ 0.96 


than 2-3 per cent have not occurred in their material during this period of study. 
All tracers used in this work have been no more than three weeks old. 

Problems of hippuran binding to red cells and to albumin have been con- 
sidered by Burbank et al (1), as well as by Schwartz and Madeloff (8). It has 
been felt that what binding takes place will not render the substance unavail- 
able for tubular excretion and therefore does not contribute to the ratio of less 
than unity. 

There is a major difference in the plasma concentrations of PAH and RIH. 
PAH levels are maintained at 2 mgm per cent whereas maximum RIH levels are 
no more than 65 »gm per cent. Essig and Taggart (9) have shown inhibition of 
the renal transport of PAH by o-iodo hippuric acid when the latter is present in 
twice PAH concentration. It would seem possible, therefore, when PAH is present 
in concentrations 30 times that of RIH that inhibition might also be taking place. 
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The possibility of suppression of radio-iodinated hippuran clearance is sup- 
ported by ratios of 0.5 and less when the RIH clearance is done during T,, PAH 
studies where the plasma PAH levels rise to the range of 36 mg per cent. Taplin 
et al!® have shown a similar response in man. This is supported further by noting 
our average ratio of 1.06 for PAH and RIH clearances done sequentially. The 
dispersion of data in the sequential clearances is so great as to weaken this argu- 
ment however. The blood levels of PAH at the time of the RIH clearance, when 
done sequentially, are not known. These levels may have been sufficiently vari- 
able so as to make spurious the points far from the mean. 

As a result of these findings, it has been thought that the presence of a sig- 
nificant, maintained plasma level of PAH gives stability to the accuracy of radio- 
iodinated hippuran clearance. 

Further work is planned which will allow a comparison of the techniques 
reported here with those reported by others in the evaluation of effective renal 
plasma flow and properties of tubular function. 


SUMMARY 


Data is presented which gives comparison of renal clearances of PAH with 
those of radio-iodinated hippuran. Constant plasma levels of PAH were main- 
tained whereas levels of radio-iodinated hippuran were not constant. Using this 

radio-iodinated hippuran 


technique and a correction factor of 0.84 ( 





para-aminohippuric acid 
identification of RIH clearance allows prediction of PAH clearance at least as 


accurately as the direct measurement of PAH by routine chemical methods. 
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The Metabolism and Excretion of 
Co” Tetraphenylporphinesulfonate in Cancer Patients’ 


James Winkelman, M.D.,? Sidney Rubenfeld, M.D.,° and John McAfee, M.D.‘ 


INTRODUCTION 


The detection of malignant tumors by external scintillation scanning has been 
limited by the lack of a labelled compound which specifically localizes in tumors. 
Tetraphenylporphinesulfonate (TPPS), a synthetic porphine derivative, attained 
a higher concentration in an experimental rat tumor than in any of the other 
tissues of the host (5). Its concentration in tumor was more than 4 times greater 
than in liver, spleen or kidney and more than 10 times greater than in all other 
organs. These concentration ratios would be adequate for the detection of an in- 
corporated gamma emitting radioisotope in a tumor, even if it were superimposed 
over liver. TPPS attained a tumor concentration 50-100 times greater than hemato- 
porphrin (8). Unlike the naturally occurring porphyrins, TPPS is of known com- 
position, has chemical stability and derivative formation is readily obtained. The 
Co** chelate of TPPS was synthesized and enabled sharp delineation by scintilla- 
tion scanning of a subcutaneously growing Walker 256 carcinosarcoma in a rat 
(7). The tissue distribution of Co’ TPPS was compared with five other labeled 
compounds in mice bearing subcutaneous ependymomas (3). The absolute tumor 
concentrations of this substance were as high as those of albumin I'*! (which 
provided the best concentration of all gamma-emitting localizing agents in com- 
mon use). The tumor to brain concentration ratios from 24 hours to one week 
were 60 to 1, compared with only 30 to 1 for I'*! albumin. Furthermore, the blood 
levels of TPPS were lower. 

In this report, the localization of Co*’ TPPS in the tumors of patients with 
cerebral and visceral malignant tumors was evaluated. Five patients were studied 
in detail to determine the effective and biologic half life of Co®? TPPS in humans, 
and its metabolism and excretion patterns. Forty-six patients with a variety of 
tumors and myocardial infarctions were scintiscanned after administration of 
adequate amounts of the labelled compound. 


*This investigation was supported in part by Grant #IN-14E from the American Cancer 
Society, Inc., and Public Health Service Training Fellowing #2G-127C6. 

From the New York University School of Medicine, Department of Pathology and Radi- 
ology, New York, N.Y. 

‘Johns Hopkins Hospital, Diagnostic Radioisotope Laboratory, Baltimore, Maryland. 
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METABOLISM AND EXCRETION OF CO’ TPPS IN CANCER PATIENTS 


MATERIALS AND METHODS 


Tetraphenylporphine (TPP) was prepared from pyrrole and benzaldehyde 
hy the method of Rothemund and Menotti (4) and sulfonated by reaction with 
oncentrated sulfuric acid. The chelation of Co** was done by a modification of 
he method previously described (7) that eliminated elution from an alumina 
olumn, evaporation to dryness and a redissolving step. Twenty mgm of TPPS 
vas dissolved in 1.0 ccH,O to which 4 drops of concentrated ammonium hy- 
\roxide was added. Four cc of a 4:1 solution of concentrated acetic acid: satu- 
ated sodium acetate was added. Seventy-five millicuries of Co*’Cl,! in 10.5 cc 


1Obtained from Nuclear Science and Engineering Corporation, Pittsburgh, Pa. 
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of 0.5N hydro-chloric acid was then added. The molar ratio of Co®* to TPPS was 
1:625. The reaction volume was brought to 20.0 cc with water. The reaction 
flask was immersed in a boiling water bath for 60 minutes. This preparation was 
brought to pH 7.4, autoclaved, and administered to patients in aliquots diluted 
with physiologic saline. 

The Co*’ that had dissociated from the TPPS ligand was determined, at the 
time of use, by its elution from Dowex-2. The samples were placed on a 2 cm 
I. D. scintered glass filter column, containing 5.0 gm Dowex-2-x 8, 200-500 mesh, 
medium porosity, in the Cl- form and eluted with 10 volumes of water. Dis- 
sociated Co** was measured in the eluate. Of the Co** TPPS used for injection, 
95.2-100 per cent was undissociated. Urine and watery stool specimens could be 
placed directly on similar columns for the determination of dissociated Co*" in 
those specimens. Some stool specimens were dissolved in nitric acid, then diluted 
and neutralized before being placed in the column. 

Co*? was counted in a Nuclear Chicago well-type scintillation spectrometer. 

Scintillation scanning was done with the equipment in the Johns Hopkins 
Hospital Radioisotope Diagnostic Laboratory and the Bellevue Hospital Isotope 
Laboratory. 
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The New York University Total Body Counter, a low background gamma 
detecting facility made specifically for the measurement of radiation in humans, 
was utilized. It consists of a 6 inch steel walled room, measuring 5 x 7 x 6 feet. 
it contains an 8 X 4 inch Nal crystal whose output is connected through 5 photo- 
multipliers to a 400 channel pulseheight spectrometer. 

Five patients with inoperable malignant tumors were studied in detail, before 
or during a course of Co® radiation therapy. Two had carcinoma of the lung, 
me of the bladder, one of the uterus and one of the esophagus. They had total 
body counting once or twice a day for the first few days, then periodically for 
between 14 and 28 days following the intravenous administration of 1.0 or 10.0 
uc Co®? TPPS. The total amount of Co** excreted in the urine and stool, and its 
separation into free and TPPS bound forms were determined on daily specimens. 
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A series of 46 patients with malignant cerebral and visceral tumors and other con- 
ditions received between 100 and 500 yc intravenously for scinti-scanning at 
varying intervals following injection. 


RESULTS 


Figures 1-5 summarize some results with the 5 patients who had total 
body counting and Co*? excretion studies. The total body counter provided a re- 
liable measure of the effective half life [T(%)] of the radioisotope. There was an 
apparent diphasic excretion. The effective T(%) for the first phase varied from 
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2.8 to 5.0 days equivalent to a biologic T(%) of 2.82 to 5.1 days. The effective 
(4) for the second phase varied from 43.8 to 60.6 days equivalent to a biologic 
['(%) of 47.3 to 77.3 days. These extrapolated values are indicated by the thin 
lines in the figures. The pattern of excretion was similar in the urine and stool, 
iIthough the cumulative recovered Co*? was only about one-half that excreted 
\s indicated by total body counting. This discrepancy was probably due to col- 
lection losses. Geometrical factors in total body counting, and in urine and stool 
measurements were carefully controlled. 

The proportion of Co*’ dissociated from TPPS in the urine and stool of these 
patients is shown in Table I. There was considerable variation between patients 
and in one patient from day to day. More of the Co*” was found in the dissociated 
form in the urine than in the stool. The total amount excreted in the urine was 
generally greater than that in stool. The total amount of Co®? TPPS that was 
dissociated prior to excretion approaches 40 per cent. 

There was no correlation between the dissociation of Co'? TPPS and the 
two phases of excretion. The proportion of free Co*’ in the urine and stool was 
approximately constant during the period of observation. 

Two patients received 10 »c Co®* TPPS by mouth at the completion of their 
other studies. The percent dissociation of the Co’ in the stool was the same as in 
the orally administered doses, less than 5%, indicating that Co®**TPPS is not further 
dissociated during passage through the gastrointestinal tract. 

Thirty patients with suspected cerebral tumors were studied by scintillation 
scanning (using an intravenous dose of 5 wc/kg body weight.) The scans at 24 
hours were similar in appearance but not superior to those obtained using [*1 
albumin. Slightly better definition was achieved at 48 hours. In one instance, a 
large frontal glioma with a slow rate of growth showed a much higher tumor-to- 
brain count rate ratio at one week than with either I'*! albumin or Hg-203 
chlormerodrin. In another patient, an area of focal encephalomalacia concen- 
trated the isotope and was sharply delineated at 48 hours. Ten patients with 
tumors of the lung, breast, stomach, colon, bone and soft tissue of an extremity 
received 200 pc. of Co>* TPPS, but no tumor localization was seen by scanning. 
High concentrations were regularly detected in the liver. Six patients with myo- 
cardial infarction failed to show localization of the radioactivity in the precordium. 


DISCUSSION 


The failure to find localization of Co*’ adequate for scintilation scanning in 
the extracerebral tumors of these patients could be due to the dissociation of 
Co*? from TPPS and its distribution as the free cobaltous ion, or to a different 
tissue distribution of the Co*” chelate of TPPS than of TPPS in the free base form. 

A comparison of the tissue concentration of TPPS after its administration and 
of Co*" after intravenous Co*? TPPS administration to tumor bearing rats and 
mice, revealed several significant differences. The Walker 256 carcinosarcoma at- 
tained a TPPS concentration about 4 times greater than all other organs of the 
tumor bearing rat. However, the concentration of Co*’ in the tumors of oe 
256 carcinosarcoma bearing rats and ependymoma bearing mice was only % to % 
that in the liver and % to % that in kidney (7). In the ependymoma ean 
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mouse, intravenously administered cobaltous Co**Cl, attained a tumor concentra- 
tion % that of liver and % that of kidney (4). The tissue concentrations of Co** 
after Co*‘TPPS administration were between those of TPPS alone and Co** 
alone. This suggests partial dissociation of the Co®’TPPS complex and independ- 
ent localization of Co** and Co®“TPPS although the observed disparity cannot be 
entirely accounted for on that basis. The direct measurement of the porphyrin 
component of the Co**TPPS complex in the tissues was not possible because of 
the extremely small amounts. The findings of considerable Co*"free of the TPPS 
ligand in the excreta indicate that partial dissociation of the complex does occur 
in vivo. This is consistent with the suggestion made by Bases, Brodie and Ruben- 
feld, that Cu® labelled naturally occurring porphyrins were dissociated in the 
liver, presumably by the same mechanism that converts heme to bilirubin (1). 
Such a mechanism would also explain the higher proportion of dissociated Co*? in 
the urine than in the stool. Free Co** is much less tightly bound to serum protein 
than Co**TPPS. Cobaltous Co* is excreted mainly through the kidney. The tighter 
protein binding of the porphyrin bound Co** of Co**TPPS may contribute to its 
tendency to localize in some tumors, similar to the localization of the protein- 
bound radioisotopes RISA and I'*! cholografin. Another factor that may be re- 
sponsible for the smaller relative concentration of label in the tumor is slower 
catabolism of TPPS by tumor compared to the liver, kidney and other organs. 
Relatively rapid degradation of Co®“TPPS could lead to considerable accumula- 
tions of Co*? and little of intact TPPS in liver, for example. In the tumor, on the 
other hand, slow degradation would lead to relatively greater concentrations of 
TPPS molecules compared to Co*’. The spectrophotometric and fluorometric 
assays used to determine the 4:1 tumor: liver concentrations of TPPS (5) meas- 
ured only the intact TPPS molecules in those tissues. 

Finally, the incorporation of Co®* into TPPS may have altered the pattern 
of localization to some extent. The uniquely high concentration of porphyrins in 
tumor, compared to other tissues, the intracellular localization of both hemato- 
porphyrin (6) and TPPS (9) in the cytoplasm of the tumor cells, and the un- 
usually strong binding of hematoporphyrin to a cytoplasmic protein (6), suggest 
that some specific cellular process or material contributes to the accumulation 


TABLE I 


PER CENT DISSOCIATION OF Co*”? FRoM TPPS 





Number 
Patient of Daily 
Samples 
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of porphyrin in tumors. The results of this study indicate that the exploitation of 
this property will require the synthesis of a derivative with the label either in- 
corporated directly into the TPPS molecule or in a more stable bond than that of 
the Co*’ chelate. 

On a clinical basis, Co*’TPPS may prove useful in selected cases. The defini- 
tion of cerebral tumors by scintillation scanning at 72 or more hours is excellent. 
Consequently, this agent may succeed in demonstrating some gliomas that are 
not infrequently missed with the conventional agents, I’*! albumin and Hg?®* 
chlormerodrin. The detection of breakdown of the blood-brain barrier in small 
foci, such as in encephalomalacia, may sometimes be desirable. It is interesting to 
note that Co®*TPPS did not localize in myocardial infarctions as had the protein- 
bound Hg?®’ chlormerodrin reported by Carr et al. (2). 


PATIENT 5 H.S. NO. 25484-63 





T+(2)= 54.0 DAYS 


~ 


+ (1) = 5.0 DAYS 


CPM xX 10° 


Q31349X3 3SO0d % 














WINKELMAN, RUBENFELD AND MCALFEE 


SUMMARY 


Co** tetraphenylporphinesulfonate was administered to patients with malig- 
nant tumors. Its effective and biologic half life, pattern of excretion in urine and 
stool, and in vivo dissociation was determined. Forty-six patients with cerebral 
and visceral tumors and myocardial infarctions were studied by scintillation 
scanning. Cerebral tumors were successfully demonstrated. Tumors in other 
locations, however, were not delineated. It was found that approximately 40% of 
the Co*’ was dissociated. The failure of the radioisotope to localize in the tumors 
to the same extent as TPPS is explained at least partly by this dissociation. 
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Effect of Anemic Hypoxia on Erythropoiesis of Normal 
and Uremic Dogs With or Without Kidneys’” 


J. P. Naets and A. Heuse 
Belgium 


Previous studies have shown that the erythropoiesis in the dog is suppressed 
3 days after bilateral nephrectomy (1). This suppression of erythropoietic func- 
tion, observed at that time, is not related to uremic intoxication, as shown by 
maintenance of this function in uremic dogs with ureteral ligation (2). From 
these experiments, it could be assumed that the kidney of the dog elaborates an 
erythropoietic factor indispensable for normal daily production of red cells. 
However one might question about the ability of the uremic dogs with and with- 
out kidney to response to an acute need of red cells. In preliminary notes, it has 
been reported that after bilateral nephrectomy erythropoiesis was no longer stim- 
ulated by anemia (3, 4). The present study is designed to assess further the role 
of the kidney in the erythropoietic response to acute anemic hypoxia, after achiev- 
ing uremia by nephrectomy and ureteral ligation, or implantation in the iliac 
vein. In addition, effects of sheep erythropeietin in the nephrectomised dogs are 
compared with the stimulating action of anemia. 


MATERIAL AND METHODS 


Thirty eight adult mongrel dogs of both sexes weighing between 12 and 25 
kg were used. Eight dogs were submitted to bilateral nephrectomy, seven to uni- 
lateral nephrectomy, followed 15 to 30 days later by implantation of the remain- 
ing ureter in the iliac vein. Three dogs were subjected to bilateral ligation of ure- 
ters in one step, and six to unilateral nephrectomy followed at least 30 days later 
by ureteral ligation. This long delay was chosen in order to avoid experimentation 
during the acute phase of renal compensatory hypertrophy. After unilateral ne- 
phrectomy acute changes such as a wave of mitosis (5) and increase in circula- 
tion (6) occur in the remaining kidney which could influence experimental re- 
sults. No difference was observed between the last two groups, these groups will 
be presented together. Nine normal and four sham-operated dogs were used as 
controls. For sham operation, a lumbar incision was performed and the kidney 
simply exposed for a short time. Surgical procedure and details concerning life 
maintenance of uremic dogs by peritoneal lavage have been previously described 


*(Laboratoire de Médecine Expérimentale et Laboratoire de Biologie Clinique. Université 
Libre de Bruxelles et Fondation Médicale Reine Elisabeth ) 
*Aided by Grants Fonds Paul Govaerts and Lekime-Ropsy. 
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(7). All the dogs were submitted to bleedings (2% body weight) during two con- 
secutive days starting immediately after surgery. Blood volume was maintained 
by infusion of Dextran 6 per cent. One dog received two I.V. injections of 720 
cobalt units of sheep erythropoietin’ after bilateral nephrectomy instead of being 
bled. 

Erythropoiesis was investigated 3 days before any bleeding or surgery and 
3, 5 and 7 days after the first bleeding or the first injection of erythropoietin. 
Three parameters were studied : the marrow normoblast percentage, the absolute 
numbers of reticulocytes and the plasma-iron turnover. Bone marrow was drawn 
by iliac-crest puncture and stained by May-Grunewald-Giemsa stain. Normoblasts 
were counted on 500 or 1000 cells. Reticulocytes were counted by the direct- 
smear method using brilliant cresyl blue. Determinations were made from 1000 
cells. An index was chosen to express the results by a number proportional to the 
absolute amount of reticulocytes : red cell mass (ml) x reticulocytes (%). The 
plasma iron turnover was calculated according to the single dynamic pool model 
of Huff et al. (8). Five plasma samples were withdrawn for radio-assay every 20 
minutes after radioiron injection and every 30 minutes when the radioiron plasma 
disappearance was expected to be slow. Plasma volume was measured by extrapo- 


*Prepared by Armour and Company Research Division and distributed by the Hematology 
Study Section of Research Grants. Nat. Inst. Health. 
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Fig. 1. Variations of iron plasma level measured 3 days before bleedings and surgery and 3, 
5 and 7 days after in the different experimental groups. 
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lation of the Fe*® disappearance curve and by the Cr°! labeled cell method (9). 
Samples containing both radioiron and radiochromium were counted in a gamma 
ray spectrometer. Plasma iron concentration was determined by the method of 
Peters et al. (10) on two different samples collected during the iron turnover 
measurement and calculations were made of the average of both values which 
agreed within less than 10 per cent. Hematocrits were determined by a micro- 
method and urea plasma level by an Autoanalyser. 


RESULTS 
Iron Plasma Level 


In normal dogs, the iron plasma level dropped from an average of 120 pg 
per cent to 63, 61 and 76 yg per cent respectively 3, 5 and 7 days after bleedings. 
In nephrectomised dogs, the plasma iron level increased to 158 and 166 yg per 
cent 5 and 7 days after bleedings. After ureteral implantation, the plasma iron 
dropped as in the control group, the fall was less striking after ureteral ligation 
(Fig. 1). 


Blood Volume 


Blood volume of normal dogs averaged 91.6 ml/kg. Values estimated by ex- 
trapolation of the Fe*® disappearance curve and with the Cr! labeled cells agreed 
completely. The red cell mass measured in normal dogs averaged 46.6 ml/Kg and 
was not significantly different from the red cell mass estimated 20 to 150 days 
after unilateral nephrectomy : 44.9 ml/Kg. ~ 

Waldmann et al. have reported that the red cell mass of dogs was reduced 20 
to 175 days after splenectomy (11). It was therefore interesting to see that re- 
moval of one kidney, which is a highly vascularized organ, was not followed by 
appreciable change in the red cell mass during the subsequent 20 to 150 days. 


Radioiron Studies 


—Radioiron Disuppearance Curve The Fe*® T/2 averaged 65 minutes in the con- 
trol group and dropped to 33, 24 and 28 minutes 3, 5 and 7 days after bleedings. 
In nephrectomised dogs, the T/2 increased from 56 minutes to 332, 395 and 486 
minutes during the week following bleedings. In dogs with implanted ureter, 
after an initial drop on the 3rd day, the T/2 increased to 157 minutes. In the 
group with ureteral ligation the T/2 increased from 69 on the 3rd day to 97 min- 
utes on the 7th day. 


—Plasma Iron Turnover (Table I) In the control group, the iron turnover in- 
creased to 145, 185 and 239 per cent of the prebleeding values. In the nephrecto- 
mised dogs instead of increasing, the plasma iron turnover fell. In the group with 
implanted ureter, after an initial increase to 143 per cent of the normal value on 
the 3rd day, a drop to 110 and 64 per cent occurred. After ureteral ligation, a 
small increase was observed. 
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Normoblasts—Reticulocytes. (Table I) 


Marrow normoblasts percentages increased in the control group. In nephrec- 
tomised dogs, a drastic reduction of the normoblasts percentage was noted: 0.3 
per cent 7 days after bleedings. A moderate decrease was observed after ureteral 
implantation. After ureteral ligation and bleedings, normolasts percentage re- 
mained at the control value on the 3rd and 5th day and dropped to 12.9 per cent 
on the 7th day. 

A direct relationship was found between variations of the normoblasts per- 
centage in the marrow and the plasma iron turnover and the absolute numbers 
of reticulocytes (Fig. 2). 


STATISTICAL ANALYSIS 


All the results obtained from nephrectomised dogs at any time after bleed- 
ings were significantly different from that of other groups (p between 0.05 and 
0.001 for the different parameters compared by Fisher test). No difference was 
observed on the 3rd day between normal dogs and dogs with ureteral ligation 
but on the 5th and 7th day the erythropoiesis was significantly lower in the last 
group than in the normal group (p between 0.05 and 0.001 for the different pa- 
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Fig. 2. Relationship between plasma iron turnover and normoblasts percentage expressed in 
percent above or below the control level. The regression coefficient is statistically dif- 
ferent from zero : p<0.001. 
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meters compared by Fisher test). There was no significant difference between 
remic dogs whether uremia was induced by ureteral implantation or ligation. 


Effect of Sheep Erythropoietin on the Erythropoiesis of one Nephrectomised 
Dog. (Table 1) 


Three days after injection of 1,440 cobalt units of erythropoietin in the ne- 
»hrectomised dog, the iron turnover increased to 140 per cent of the basal level 
is in the normal group following bleeding and fell later to 70 per cent. Instead of 
observing an acute depletion of normoblasts in the marrow, a slow reduction oc- 
curred. Three days after bilateral nephrectomy, the normoblasts percentage was 
still 21.5 per cent; thereafter a drop to 2.1 per cent was noted on the 7th day. 
lhe reticulocytes index increased moderately from 675 to 1,391. 


DISCUSSION 


These experiments indicate that bilateral nephrectomy in the dog suppresses 
the erythropoietic response which normally occurs during anemic hypoxia. After 
nephrectomy, in spite of severe bleedings, normoblasts and reticulocytes disap- 
peared nearly completely. The iron turnover fell in nephrectomised bled dogs to 
the same extent as in unbled nephrectomised animals (2, 3). No decrease in iron 
plasma level was observed in the renoprival group with depressed erythropoiesis 
in spite of bleeding. This agrees with the hypothesis that the drop of the iron 
plasma level which follows acute hemorrhage is due to increased utilisation of 
iron for hemoglobin synthesis (12). Other workers have reported that nephrec- 
tomy impaired the erythropoietic response to anemia. Some of their results are 
at variance with the present data. Erslev has shown that the plasma iron turn- 
over of nephrectomised rabbits was increased by an anemic stimulus. However, 
this increase was not so marked as that observed in normal animals submitted 
to the same stimulus (13). In the nephrectomised rats, Reissman et al. observed 
a lack of erythropoietic response to anemia but reticulocytes remained at a nor- 
mal level (14). These discrepancies may have been due to species variations and 
suggest that in rats and rabbits, the erythropoietic function is partially independ- 
ent of the presence of the kidney. That uremic intoxication was not the major 
factor implicated in the absence of erythropoietic response to bleedings appears 
supported by erythropoiesis measurement of the nephrectomised group when 
compared with similar measurement of the ureteral ligation and implantation 
groups. In dogs made uremic by ligation or implantation of the ureter in the 
iliac vein, the erythropoietic response although not normal, was strikingly differ- 
ent from that observed after bilateral nephrectomy (p betweeen 0.05 and 0.001 
for the different parameters compared by Fisher test) in spite of the same level 
of uremia. 

Previous experiment showed that the daily production of red cells is im- 
paired after nephrectomy (2). The present data let suppose that there is not a 
different mechanism independent from the kidney which is responsible for stimu- 
lating production of red cells when they are urgently need. It seems that the 
basic mechanism of erythropoiesis regulation which depends from the balance be- 
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tween oxygen demand and supply in the tissues (15) is suppressed by nephrec- 
tomy. The data are in agreement with the hypothesis that the kidneys are in- 
volved in erythropoietin production (2, 16) and with previous studies which 
showed that the erythropoietic factor of the plasma of anemic dogs dropped to 
an unmeasurable level 24 hours after nephrectomy (17). 

The impaired erythropoietic response observed in dogs with ureteral im- 
plantation or ligation could be due to a reduced production of erythropoietin by 
functionally altered kidney or to the possible depressing action of uremia on the 
marrow and/or on the kidney itself as the source of production of the hormone. 
Pathological examination showed discrete abnormalities in kidneys of dogs with 
ureteral implantation or ligation.' However, the function of these kidneys can 
hardly be considered as normal. After ureteral ligation, it has been shown that 
both glomerular filtration and renal blood flow are reduced (18, 19). After uret- 
eral implantation, the ureter was always fougd dilated at autopsy and it is 
likely that the kidneys in these animals were working under an increased osmotic 
load due to the high urea plasma level. 

It has already been reported that erythropoiesis of the nephrectomised dog 
is stimulated by erythropoietin injection of human origin (2). After injection of 
1,440 cobalt units of sheep erythropoietin, the erythropoietic response of one 
nephrectomised dog was similar to that obtained after bleeding dogs with uret- 
eral implantation. These data add to the evidence that uremic intoxication, at 
least of short duration, plays no role in the suppression of erythropoiesis which 
follows bilateral nephrectomy. 


SUMMARY 


The effect of acute anemic hypoxia on erythropoiesis has been compared in 
normal and uremic dogs. Uremia was achieved by nephrectomy or ureteral liga- 
tion or implantation of the ureter in the iliac vein. Erythropoiesis was measured 
3 days before and 3, 5 and 7 days after bleedings and surgery by plasma iron 
turnover, absolute reticulocyte counts and marrow normoblast percentages. Bi- 
lateral nephrectomy abolished the erythropoietic response which normally occurs 
after acute anemic hypoxia. In uremic dogs still having one or both kidneys after 
a transient increase, a decrease in erythropoiesis was observed. These results sug- 
gest that in the dog, there is no emergency mechanism stimulating erythropoiesis 
independent of the kidney. No definite conclusions can be drawn concerning the 
role of uremia in the lack of normal response to bleedings of uremic dogs still 
having kidneys. Sheep erythropoietin is able to stimulate erythropoiesis in the 
bilaterally nephrectomised dog. 
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Volume Changes of Dialysate During Peritoneal Lavage 
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Although peritoneal dialysis has been introduced into clinical use since 
more than 15 years; yet a critical study of changes that take place in the vol- 
ume of fluid used during this procedure has not been done. This is why it was 
decided to study the changes of dialysate volume during peritoneal lavage. 
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MATERIALS AND METHODS 


Peritoneal dialysis was performed on three groups of mongrel dogs, each 
including 11 animals weighing between 7 and 12 kgms. Volume determination 
was done by an isotope dilution technique; the isotope being human serum al- 
bumin tagged with I'*! in 6 dogs from each group (1) and radioactive colloidal 
gold Au’ in the remaining 5 animals. 

The irrigating fluid contained 139.5 mEq. sodium, 4.2 mEq. calcium, 112.2 
mEq. chloride, 31.5 mEq. bicarbonate and dextrose. The dextrose content varied 
in the three groups of experimental animals. Thus, in group I it was 1.2 per cent, 
in group II it amounted to 4.2 per cent, while in the third group the dextrose con- 
centration was 7.0 per cent. 

The dialysis was performed according to Grollman’s intermittent technique 
(2) on dogs under pentobarbital anesthesia. A multiholed polyethylene catheter 
was introduced into the peritoneal cavity through a trocar and cannula. To 
prevent leakage from around the catheter, a purse string suture was applied. 
About ten microcuries of the radioactive isotope®> (radioiodinated human serum 
albumin or radiogold ) were added to a measured volume of 255 ml of the dialysis 
fluid and the mixture rapidly introduced through the catheter, after keeping ex- 
actly 5 ml as a standard. Roughly 6 ml samples from the fluid were collected at 


?This work was accepted for discussion in the symposium “Treatment of Uraemia” during 
The Second International Congress of Nephrology, Prague, Czechoslovakia, 1963. 
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Medical Unit, Atomic Energy Establishment, U.A.R. 
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‘Different lots of radioisotopes were used, and were obtained from Amersham (U.K.). 
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10 minutes intervals for a period of one to two hours. To ensure obtaining a well 
nixed sample, about 20 ml of dialysate were withdrawn from the catheter before 
aking the sample, and were re-introduced immediately afterwards. At the end 
f each experiment a blood sample was taken. Finally, radioactivity in the 
tandard as well as in an accurately measured 5 ml volume from each sample was 
counted in a scintillation well counter (Th. activated sodium iodide crystal). 

The dialysate volume at any time was calculated from consideration of 
-adioactivity detected in the sample collected at this specific time in relation to 
ictivity of an equal volume of the standard. 


RESULTS 


In all experiments the dialysate increased in volume throughout the period 
of lavage. This increase in volume proved to be a biphasic exponential function 
of time, starting with a rapid component and ending with a slower one. The dura- 
tion of each of these phases, rate of change and final volume attained were de- 
pendant on the concentration of dextrose in the irrigating fluid (Fig. 1). From 
this figure it can be seen that during the early phase the time that should be taken 
by the fluid to double its volume would be 130, 65 & 14 minutes when the dex- 
trose concentration was 1.2, 4.2 & 7.0 per cent respectively. The second phase of 


DIALYSATE VOLUME CHANGES 
during peritonel lavage. 
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Figure 1 showing the relation between dialysate volume in ml and time of dialysis in 
minutes, drawn on semilog scale. 

Concentration of dextrose in irrigating fluid is written on the right side of each curve 
(1.2, 4.2 & 7.0% ) 

Time for dialysate to reach double its volume as calculated in minutes is indicated under 
each phase of every curve. 
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the curve was definitely much slower than the first one. With both 4.2 & 7.0 pei 
cent dextrose the dialysate would reach double its volume during this slow 
phase in 155 minutes; while with a dextrose concentration of 1.2 per cent this 
time interval amounted to 250 minutes. The average final volume attained after 
two hours of dialysis was 400, 540 & 700 ml with a dialysing fluid containing 1.2, 
4.2 & 7.0 per cent of dextrose respectively. 

When human serum albumin tagged with I'*! was added to the irrigating 
fluid, radioactivity detected in the blood after an hour of dialysis amounted to 
2.09 + 1.04 (Mean + 1 S.D.) per cent of the injected dose per litre blood; with 
a range of 0.38 to 3.78 per cent. On the other hand, with radiogold at the end 
of two hours of peritoneal lavage the blood contained 0.26 + 0.16 per cent of ap- 
plied dose per litre blood; the range being 0.09 to 0.54 per cent. 


DISCUSSION 


The first experiments with peritoneal lavage were carried out as early as 
1877 (3). About 50 years later, Ganter (4) did the earliest trials of this technique 
in human subjects. However, peritoneal dialysis did not become a well established 
procedure for clinical use except after 1945. 

Since the peritonium acts as a semipermeable membrane, fluid within the 
peritoneal cavity equilibrates osmotically and chemically with fluid in the ex- 
tracellular compartment. Therefore the electrolyte content and/or volume of ex- 
tracellular fluid can be altered, and catabolites and other substances can be 
removed from the body by putting appropriate solutions in the peritoneal cavity. 
This is why peritoneal dialysis has been used in the treatment of renal failure, 
poisoning with dialysable agents, toxemias whether endogenous or exogenous 
(5) and to induce negative water balance in conditions of overhydration such as 
congestive heart failure, pulmonary edema and hypertensive encephalopathy 
(6 & 7). For this latter purpose, a dialysing fluid more hypertonic than the usual 
one should be used. It should be remembered that even the usual fluid used for 
dialysis which contains 1 to 2 per cent dextrose is hypertonic in relation to the 
body fluids. 

In 1946 Abbot & Shea (8) reported that with a solution containing 1 or 2 
per cent glucose it was possible to withdraw more fluid from the peritoneal cavity 
than had been injected. Fifteen years later, De Wardner (9) using an irrigating 
fluid containing 2 per cent glucose stated that 10 minutes were the optimum time 
for the solution to come into equilibrium with extracellular fluid. But, these 
workers did not record the rate nor magnitude of the increase in volume as has 
been done in the present work. Moreover, from the present results it can be seen 
that 10 minutes might be enough for fluid containing 7.0 per cent dextrose to 
reach near osmotic equilibrium with extracellular fluids; but this does not 
hold true for the less concentrated solutions. In the present series of experiments 
it was noticed that the rate and magnitude of the increase in volume of irrigating 
fluid were more marked the higher the dextrose content of this fluid. Further- 
more, this increase in volume began at a high rate and ended with a slow one. 
These findings appear logic and are consistent with what would be predicted 
from consideration of the osmotic forces. 
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The use of radio-iodinated human serum albumin for estimation of volume 
f fluid in the peritoneal cavity has been discussed by Baker et al (10) and they 
yund that this method depending on the principle of isotope dilution was re- 
able. This was confirmed in the present study by the finding that the level of 
idioactivity which leaked into the blood was low when the same isotope was 
sed, With colloidal gold Au'®* the blood level of activity was still much lower 
ven after a longer time interval, denoting that radiogold would be better than 
idio-iodinated human serum albumin for volume determination. Another ad- 
antage for radiogold would be its shorter half life; thus being more safe for 
linical use. 

SUMMARY 


Changes in volume of dialysing fluid with different dextrose content were 
estimated during peritoneal lavage in dogs by means of radio-iodinated human 
serum albumin and radioactive colloidal gold. 

The volume of dialysate increased throughout the period of lavage. This 
change in volume was a biphasic exponential function of time; starting with a 
rapid component and ending with a slower phase. The rate of change as well 
as the final volume of dialysate were directly related to the dextrose concentra- 
tion in the irrigating fluid. 

For volume determination, radiogold proved to be better than radio- 
iodinated human serum albumin since its leakage into the blood was less together 
with its shorter half life; thus being more accurate and safer for clinical purposes. 
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A Gallium” Positron Cow for Medical Use’ 
Yukio Yano? and Hal O. Anger? 
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INTRODUCTION 


The Ge*®-Ga® positron cow (1) is a convenient and economical source of 
Ga®-EDTA (ethylenediamine tetra-acetic acid). The parent isotope Ge® de- 
cays with a half life of 280 days to provide a continuous supply of the daughter 
isotope Ga*®*, The daughter is a positron emitter and has a half life of 68 minutes. 
The cow, which makes use of the ion-exchange properties of activated alumina 
(Al,O,), (2) is milked of the Ga® in a simple and rapid manner. It requires only 
the addition of the EDTA solution at the top of the column and collection of the 
effluent solution at the bottom. The Ge® is strongly retained by the alumina so 
that the contamination of the Ga®*-EDTA by the Ge® is extremely low. A re- 
liable separation of the Ga®*-EDTA is obtained with little possibility of contami- 
nation due to faulty technique. The technique for obtaining a sterile and isotonic 
solution for intravenous injection is also rapid and simple. 

By maintaining one millicurie of Ge®* on the alumina column, about 350 
microcuries of Ga® can be obtained for injection after the collection and process- 
ing. The decay equilibrium in the cow is established in about two hours so that 
a near maximum amount of Ga® can be obtained from the column every two or 
there hours. When the cow is used several times per week, the cost per dose 
becomes very low, because the usual charge for the isotope and the shipping 
charges are saved. The cost of the cow is prorated over several months. 


The new tracer compound, when used with the positron scintillation camera, 
has given a good record of brain tumor localization (3). To date more than 100 
patients have been examined with only a small number of false positives and few 
known missed tumors. The radiation dose delivered to the patient is very low 
compared to that given by other isotopes. For a dose of 250 microcuries, the 


*This work was done under the auspices of the U.S. Atomic Energy Commission. 
*Donner Laboratory of Biophysics and Medical Physics and Lawrence Radiation Labo- 
ratory, University of California, Berkeley, California. 
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hole body radiation is less than 7 millirad, and the renal dose is less than 50 
villirad. 


PREPARATION OF THE COLUMN 


The alumina column is prepared by a method similar to that previously 
iggested (4). A glass column 25 mm in diameter, 10 cm in length, and fitted 
‘ith a medium porosity fritted glass disc is loaded with 10 grams of Fisher's 
nromatographic grade alumina. The alumina in the column is held in place 
t the top with a filter paper disc and plastic ring. 

The alumina column is first washed with distilled water to remove fine par- 
icles and then washed with 0.005 M EDTA solution at a neutral pH. The wash- 
ig of the column is continued until the pH of the effluent is near 7. 
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The alumina column is now ready for loading with Ge®*. First, the column 
is placed in a box lined with Lucite and lead shielding (shown in Fig. 1). Then 
the Ge®, in a near neutral solution of EDTA, is added to the column. Finall) 
the column is washed with about 60 ml of 0.005 M EDTA solution. Ga®-EDTA 
can now be milked from the column at desired intervals with 0.005 M EDTA 
solution. The Ga*®*-EDTA collected from the column is at a neutral pH. It is 
contaminated with less than 1.4 x 10° parts of Ge®. 


STERILIZING AND COLLECTING APPARATUS 


Ga®-EDTA is sterilized for injection as follows. As the Ga** elutes from the 
column, it is collected in a 10 ml syringe barrel attached to a previously auto- 
claved Millipore filter (pore size 0.22 microns) contained in a Swinney hypo- 
dermic adaptor. The other end of the Swinney adaptor is attached to a sterile 
syringe needle. The needle is stuck through the rubber stopper of a sterile serum 
vial, which also has a sterile venting needle. All the collecting and sterilizing ap- 


paratus is held in a vertical position above the serum vial by a Lucite holder and 
shield. 


MILKING THE COW 


To milk the column, the collecting apparatus is first introduced into the 
shielded box and placed beneath the column. Then 10 ml of 0.005 M EDTA so- 
lution is added to the top of the column. The resulting Ga®*-EDTA solution is 
collected in the barrel of the syringe. The entire collection apparatus with its 
Lucite shielding is then removed and placed outside the shielded box. The 10 
ml of Ga®*-EDTA is made isotonic by adding 0.5 ml of 18 per cent sodium 
chloride solution. The pH of the solution is checked with pHydrion paper. A 100 
lambda aliquot is taken for assaying the Ga® activity against a Ge®* standard. 
The plunger is now replaced in the syringe barrel and the Ga*-EDTA is 
forced under pressure through the Millipore filter into the sterile serum vial. 
Finally the upper portion of the collecting apparatus is separated from the 
serum vial by disconnecting the Lucite shielding above the serum vial and 
withdrawing the injection needles from the rubber stopper. 

The serum vial contains the sterile solution of Ga®-EDTA ready for in- 
jection. The total time required for the procedure is 20 to 25 minutes. 


PREPARATION OF GA®® IN OTHER CHEMICAL FORMS 


Because of the many advantages associated with Ga**, attempts are being 
made to use it for other diagnostic purposes. The Ga** can be freed from the 
EDTA complex by the following procedure. 

1. The cow is milked with 10 ml of 0.005 M EDTA solution, and the Ga*- 
EDTA is collected in a 40 ml centrifuge tube. 

2. 10 to 20 mg of carrier GaCl, in HCL solution is added. 

3. Then 0.5 ml of saturated ammonium acetate solution is added. 

4. Concentrated NH,OH is added dropwise (about 1 ml) to precipitate 
Ga(OH), at pH 6.0. 
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5. The solution is heated in a boiling water bath for 10 minutes to coagulate 
1ie Ga(OH),. 

6. The solution is centrifuged, and the supernatant solution is discarded. 

7. The Ga(OH), is dissolved with a minimum volume of hot 20% NaOH. 

8. The solution is acidified with about 1 ml of concentrated HCl. 

The time required for the procedure is about 30 minutes. With 10 mg of 
arrier Ga about 60 per cent of Ga®* from the EDTA solution is obtained. With 
) mg of carrier 70 per cent recovery is obtained. 
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LETTER TO THE EDITOR 


TO THE EDITOR: 


I have had a chance to read Mr. Harris’s and Dr. Blau’s letters to the editor. The nuclear 
physicists who co-operated with me in the 197 calculations took all available literature into 
their calculations and did not utilize the information supplied by Mr. Harris. Five months 
before the publication of our scientific letter to the editor, the published form of the 
Mercury-197 dosimetry was forwarded to Mr. Harris. In the time period until the publication 
of the dosimetry of Mercury-197 in the Journal of Nuclear Medicine, there had been no com- 
ment from Mr. Harris and Dr. Ross’s laboratory. I am sure that Dr. Roerer, Dr. Ross and Mr. 
Harris did put thought into their version of the calculations about Mercury-197, however we 
stand by our calculations. It would also like to point out that there are others than the major 
supplier of Mercury-197, and the other suppliers have been helpful to us in verifying our 
calculations. I believe the confusion as to the decay scheme of Mercury-197 should have been 
discussed between the physicist and the supplier of the isotope before they presented the 
isotope to the clinician. It will be noted, however, that even with Mr. Harris’s and Dr. Roerer’s 
calculated figures for E, and the specific gamma-ray emission that the calculated dose of 
Mercury-197 still falls far below the calculated dose of Mercury-203. 

In Dr. Blau’s letter to the editor, it is obvious that statements out of context can be ex- 
plained in many ways. It is difficult in a letter to enlarge on factual information. The tissue-to- 
background ratio mentioned in Dr. Blau’s first paragraph was a misprint and should have been 
tumor-to-background ratio, and these were facts ascertained in vitro and in vivo. Dr. Blau’s 
collimation comments are well-taken; however, it is a fact that 68-77 Kev is much easier to 
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collimate than .280 Mev. Dr. Blau’s current estimations of disintegration are in the previous|; 
mentioned letter to the editor and do not agree with our estimations. His crystal photo-pea 
efficiency is in error. If he ever has calculated crystal efficiency a 3 x 2 crystal in Mercury-20 
gamma-ray energy at most will have a 10 to 15 per cent efficiency. However, the 77 Kev wit! 
the same crystal has approximately a 30 per cent efficiency. 

Our increased statistics of Mercury-197 can be partly attributed to the increase i: 
Mercury-197 quantity administered. We now give 1 millicurie of Mercury-197 Neohydrin 
where we only could give .7 millicuries of Mercury-203 Neohydrin. This was mentioned to 
Dr. Blau in the phone call that preceded his letter. Dr. Blau’s quote of Harris’s article in the 
Journal of Nuclear Medicine is of great interest. If Dr. Blau has used Mercury-197 clinically 
for brain tumors he will know that the tumor utilizing the Mercury-197 appears larger than 
it does with Mercury-203. The coherent scatter, therefore, in a point source makes lesions that 
are hot appear larger. The International Atomic Energy Agency’s standard scanning phantom 
(of which Dr. Blau and Dr. Bender have the only copy), may be of great interest to them. 
However, patient results are of most interest to me. I saw their scans, and I might state that 
they utilize a different scanning technique and equipment than we utilize. In our hands, we 
can visualize a tumor 15 cm. away from the crystal with Mercury-197. I might mention that 
the analyzer window that they utilize for Mercury-197 is incorrect. A 10-volt window around 
the 77-Kev gamma emission cuts off the main x-ray peaks of this isotope. A 60-Kev to a 
90-Kev window is more correct. 

It is important that Dr. Blau would mention the radiation dose as being distinctly lower 
than 203. If Kellershohn’s group in France is correct in their calculations of radiation dose we 
in this country, in our calculation of the remaining radiation dose of Mercury, have been 
in gross error. Mercurial compounds localize only in a small portion of the kidney, the cortex. 
Neohydrin retention is entirely cortical. Drs. Blau and Bender as well as many others, including 
myself, have been calculating the radiation dose to the kidney with a “G” factor. Keller- 
shohn’s group has calculated the radiation dose for 197 and 203 utilizing just the cortex of the 
kidney, and now we have a serious radiation problem. The least radiation dose the kidneys 
could receive with a 150-250uc dose of Mercury-203 would be as Kellershohn states, approxi- 
mately 75 rads. Those that know radiation biology know that this is getting into an area 
where renal damage can be expected. The clinicians have, therefore, interest in the radiation 
dose delivered to the patient; and for this reason I believe that Mercury-203 should be dropped 
from clinical scanning. 

Dr. Blau’s last paragraph does not deserve comment. We are past the point of looking 
just for brain-scanning agents. There is so much more that clinical medicine needs that we can 
supply. By now Dr. Blau knows that we have extended the Mercury-197 localization to all 
carcinoma, and at this point this is most helpful to the radiotherapist. Although brain scanning 
has introduced us to the fine art of photoscanning, we believe there are many other areas of 
interest in this field. Anything we can do to lower the radiation dose to the patient, and to 
help popularize this field of medicine, can only help the patients of the future. 


D. Bruce SopEE, M.D., DEPARTMENT OF NUCLEAR MEDICINE 
Doctors HospiraL, CLEVELAND HEIcutTs 6, O10 





President's Letter 


Speaking for the Executive Committee, I wish to extend our greeting to 
1e membership and pledge that these officers will do everything possible to fur- 
her the principles upon which the Society of Nuclear Medicine is founded. 

I wish to acknowledge the Society’s debt of gratitude to the retiring officers 
or their excellent stewardship which culminated in the outstanding annual meet- 
ig in Berkeley. 


In keeping with past policies, we shall continue the use of the President's 
etter to disseminate committee reports and other information to our members. 
Che first of these is an abstract of the report of the Committee on International 
elations under the chairmanship of Joseph Sternberg, M.D., Montreal, Canada. 


REPORT OF THE COMMITTEE ON INTERNATIONAL RELATIONS 


With the rapid development of Nuclear Medicine throughout the world, 
the problem of establishing a unifying link between the workers in this field 
has become very complex. The nuclear physician or biologist can be an iso- 
lated person in a region where too few colleagues in the same field of inter- 
est are unable to organize their group; he could be a member of a section of 
another society, where nuclear medicine procedures are used within the 
framework of another discipline. Finally, in the few countries where the num- 
ber of workers is large enough, he could be a member of a national or regional 


society. =e 


There are at present at least four large organized bodies of nuclear 
physicians and biologist, besides our own Society of Nuclear Medicine. These 
are the Italian Society of Nuclear Biology and Medicine, the German Society 
of Nuclear Medicine, and the Association of the Radiobiol zists of the Eura- 
tom. Other groups are being contemplated, or exist at present within the 
framework of the national societies of Radiologists or other medical special- 
ties. 


The Society of Nuclear Medicine is the largest organized body in the 
field of Nuclear Medicine and Biology; its charter and by-laws are conceived 
for a natural development both in geographic distribution of membership as 
well as initial professional training of the member. There are more than 25 
countries represented in the membership of the Society, a fact which empha- 
sizes more than anything else its international character. 


The creation of the Committee on International Relations of the Society 
of Nuclear Medicine stemmed from the analysis of the complex situation, to 
be expected in a heterogeneous group. The first objective of the Committee 
on International Relations is the study of the ways and means available to us 
for the establishment of a link between the workers in Nuclear Medicine out- 
side our Society and our own group. 


Dr. Sternberg’s committee is actively investigating these ways and means and 
the forthcoming year should be fruitful in the area of international understand- 
ing and cooperation. 
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Evaluation of the Resin Uptake of I’ Triiodothyronine 
as a Test of Thyroid Function’ 


Edith H. Quimby and Elizabeth Hiza 
New York City 


Sterling and Tabachnick in 1961 presented a test of thyroid function in 
which the radioactive iodine tracer is added to the patient’s serum in vitro (1). 
The test has several advantages, of which possibly the most important is that pre- 
vious medication with inorganic or organic iodine does not affect the validity of 
the results, as it does conventional I'*! uptake or protein-bound iodine determina- 
tions. Also, since the patient receives no radioactive material, the test may be 
used for children and pregnant women, and may be repeated as often as seems 
desirable. 

The groups of patients in the Sterling and Tabachnick report were small, 
but the results were sufficiently striking to warrant an extensive test of the 
method. Over a two year period, 670 patients have had 937 tests in the Radio- 
isotope Laboratory at the College of Physicians and Surgeons. The present paper 
offers an analysis of these findings. 


METHOD 


The method used is essentially that published by Sterling, but with minor 
modifications. The necessary materials are I'*!-labelled triiodothyronine? (T-3) 
and an amberlite resin.® 

The triiodothyroinine is diluted to a final concentration of less than 0.12y¢ 
triiodothyronine per ml. For continuity, each dilution is checked against that 
of the previous week. All tracer material is kept refrigerated at 5° C. 

The resin, which comes as a chloride, is converted to the formate form by 
washing with a 1 M solution of sodium formate adjusted to a pH of 5.0 + 0.2. 
For this purpose, 50 gm of the resin are placed in a chromatography column and 
the sodium formate solution poured over it and allowed to drip through. The 
effluent is tested for chloride ion with a 0.1 N silver nitrate solution, and the 
washing continued until the effluent is chloride free. This requires approximately 


‘From the Department of Radiology, College of Physicians and Surgeons, New York City. 

*Obtained as Triomet from Abbott Laboratories, 100 microcuries each week. To the ship- 
ment is added 0.2 ml of a 2.5 per cent solution of Red Cross human serum albumin, to help 
stabilize the material. 


‘Amberlite 1RA-400, a Rohm & Haas product, available from many laboratory supply 
agencies, 
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6 liters of sodium formate, somewhat more than Dr. Sterling (1) found neces. 
sary. Washing slowly does not reduce the amount of sodium formate required, 
so quick washing is employed. The washed resin is stored in the refrigerato1 
under an equal volume of sodium formate. 


The resin material can be obtained in various particle sizes which might ex. 
hibit different absorption properties. This had also been observed by Scholer (2) 
If not taken into account, this might invalidate the making of comparisons be- 
tween results obtained with different particle sizes. For this reason a method of 
employing a control serum, as described below, was developed, eliminating the 
effect of differences in resin. 


For testing the thyroid function of an individual, approximately 10 ml of 
blood are drawn into a Becton-Dickinson vacuum tube and allowed to clot. The 
tube is then spun at 2300 rpm for 10 minutes and the serum decanted. If it is 
not to be used immediately, it is stored in the freezing compartment of the 
refrigerator. 


A large pool of sera from the medical chemistry laboratory is maintained 
for the control measurements. This is kept at about 800 ml, to make sure it is 
truly representative of normal blood. A sample of this is run with every batch 
of tests, to control day-to-day variations in T-3 stock, resin brands, and tempera- 
ture. Repeated freezing and thawing of sera have little or no effect on the final 
result. This is evident from the fact that the control pool is repeatedly frozen 
and thawed, and day-to-day variations on a single pool gave an average of 1.6 
per cent. 
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One control and five patient sera are usually run at one time. Four ml of 
each specimen are necessary if duplicate determinations are to be made. How- 
ever, it is often difficult to get 4 ml of each patient serum. After a long series of 
duplicates had been run it was evident that a single determination should give 
a reliable result. Therefore a single 2 ml sample is now used. 
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The steps in the procedure are as follows: 
1. For each patient specimen and the control serum a test tube is placed in an ice 
bath (2-6°C). Into each tube is put 2 ml of serum and 0.2 ml of the T-3 dilution. 
The tubes are tapped to insure mixing, and then allowed to equilibrate for 30 
minutes, standing in the ice bath. 
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2. During this 30-minute period the resin tubes are prepared, also in an ice bath 
at 2-6°C, two for each tube in step 1. Exactly 1 ml of resin is pipetted into cali- 
brated tubes for the well-type scintillation counter. This is best done by using an 
inverted pipette and inserting it under the sodium formate solution covering the 
resin. If more than 1 ml of the resin should be delivered into the counting tube, 
it can be suctioned off with an aspirator. 


3. The resin in the counting tubes is washed 3 times with 5 ml of tap water from 
a wash bottle. The supernatant fluid is removed each time by aspiration, and the 
resin left slightly moist. 


4. At the end of the 30-minute period, duplicate 1 ml samples of each serum-T-3 
mixture are prepared, and added to the 1 ml of washed resin in the counting 
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ibes. The counting tubes are left uncorked, and positioned vertically in a test- 
ibe rack on a horizontal shaker in a refrigerator at 2-6°C. Here the tubes are 
1aken at 203 cycles per minute, for one and one-half hours. 
. At the end of this period the tubes are again placed in an ice bath and kept 
here except during the 1 minute initial count in the well scintillation counter. 
fter this count, they are returned to the ice bath until the serum is removed. 
Following the initial count, the serum is washed from the resin by repeated 
pplications of 5 ml of tap water from a wash bottle, the supernatant liquid being 
moved by suction. At the final (fourth) washing the water level is left at the 
ml mark etched on the tube. A second count is now made in the well counter. 
The calculation of resin uptake of the patient’s serum relative to the control is 
btained by the formula— 
count after washing of patient serum 
count before washing eee 








count after washing of control serum 


count before washing 





By always considering the value for the control serum as 1.0, values for different 
patient’s sera are related to a common base, and are therefore comparable. 

Residual I'*! in the serum, either from treatment or a previous diagnostic 
test, is not a deterent to the T-3 resin uptake determination. All bloods received 
in the laboratory for this test are routinely checked for radioactivity. Active 
specimens necessitate an additional 2 cc of serum in order that a duplicate sample, 
without the added T-3 material, be run. The readings of the duplicate sample are 
subtracted from the test readings for the firal results. 

Principle of the test. Sterling and others have discussed the principle behind 
this test, and it is not necessary to go into this in detail. Briefly, it has been shown 
that circulating thyroxine is primarily bound to a specific blood protein fraction, 
the thyroxine-binding-globulin fraction. Triiodothyronine is similarly, but less 
firmly, bound to the same fraction. In the presence of increased thyroxine levels, 
as in hyperthyroidism, more of the specific thyroxine-binding sites are filled. 
When additional I'*!-labelled triiodothyronine is added, it finds fewer binding 
sites available and therefore more of it remains unattached. Thus it is available 
to be bound by the anion exchange resin. The binding, or uptake by the resin, is 
therefore increased when the serum is that of a hyperthyroid individual, and 
conversely, decreased for the hypothyroid. 

The clinical material. The clinical material consisted at first of patients on 
whom other tests for thyroid function were being performed. Later, as the resin 
test appeared to crystallize, some patients were sent to check a clinical evalua- 
tion. In addition, certain special groups were sought out, such as pregnant women, 
adolescents, patients on estrogens and other specific therapies, such as dilantin. 
In evaluating the test, the diagnosis used for each individual was that of the re- 
sponsible physician. Many of the patients were also subjected to other tests, 
namely the 24-hour I'*! uptake, the protein-bound iodine, the basal metabolic 
rate, and the serum cholesterol. Correlations of findings in each of these with the 
resin uptakes will be presented below. 
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RESULTS 


The basic data for hyperthyroid, euthyroid, and hypothyroid sera, (Fig. 
1) are plotted from values for patients unequivocally falling into these groups 
according to the clinical diagnosis. There were 239 euthyroid without medi- 
cation of any sort, 36 hyperthyroid, either untreated or still toxic, and 43 
hypothyroid, either primarily or as a result of medication. Those individuals who 
were euthyroid on medication or after treatment for hyperthyroidism are not 
included in this group. 

The mean value for the basic euthyroid group was 0.98, with « = 0.135. 
Seventy per cent of this group had values within 1 o of the mean, 94 per cent 
within 2 o, that is, between 0.71 and 1.25. In the entire survey 383 cases were 
clinically euthyroid, including treated hyperthyroids and others on various medi- 
cations. Of this entire group, 254, or 66 per cent were within 1 o of the mean; 
360, or 94 per cent within 2 o. Therefore a range of 0.70 to 1.30 should embrace 
all euthyroids. 

For the basic hyperthyroids (36 cases), the mean was 1.89, with o = 0.42. 
Thus a range of 1.05 to 2.73 should cover all of these. 

In the basic hypothyroid group of 43 cases, the mean was 0.71, with o = 0.26. 
Thus the range for such cases should be 0.45 — 0.97. 

With ranges derived in this manner, there is considerable overlap. Closer 
scanning of the data makes some narrowing reasonable. For instance, in the basic 
euthyroid group, of those with values less than the mean only 7 (or 3%) were less 
than 0.80. On the other hand, for those greater than the mean, only 9 (or 3.8%) 
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NUMBER OF CASES 


HYPERTHYROID 34 CASES 


LS 2.0 
T-3 RESIN UPTAKE RATIO TO STANDARD 


Fig. 1. Basic data for hypothyroid, euthyroid, and hyperthyroid uptake ratios. Diagnoses for 
the 318 cases included were made by their physicians on the basis of clinical and 
laboratory findings. 
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ere over 1.30. An adjustment of the normal range, then, to set it at 0.80 to 1.30 
ems reasonable. Readings above 1.30 will then be assumed to indicate hyper- 
inction of the gland, and those under 0.80 hypofunction. 

With limits set in this manner on the basis of 318 cases, the larger group of 

12 cases later available was evaluated. In this group two of the 57 hyperthyroids, 
: 4 per cent, gave readings in the euthyroid range. Of the 383 euthyroid, 13, or 

per cent fell in the hyperthyroid region and 15, or 4 per cent in the hypothyroid, 

total of 7 per cent misplaced. Ten clinically hypo-functioning patients of the 72, 
r 14 per cent, gave readings in the normal range. Overall, then, 40 of 518’ pa- 
ients, or 8 per cent gave resin readings not in accordance with clinical findings. 

hese discrepancies were much more likely to occur in hypothyroid individuals 
han in others. These variations are less than those customarily accepted for the 
24-hour I'*! uptake. 

Of the first series of 239 uncomplicated euthyroids, 214 individuals also had 
me or more supplementary tests,—I'*! 24-hour uptake, protein-bound iodine 
(serum precipitable iodine) basal metabolic rate, serum cholesterol determination. 
There were also 34 frank hyperthyroids and 32 hypothyroids with one or more 
of these tests. Various comparisons may be made among these data. 

It was not possible to demonstrate an upward trend in either I'*! uptake or 
PBI with increasing resin value, within the euthyroid group. If the normal resin 
range is taken as 0.80 to 1.30, of the PBI as 4.0 to 8.0, and of the I'*! uptake as 
15 to 50, the following tabulation is informative: 


No. of Comparable No. in Accepted % Out of 


Test Accepted Range Cases Range Normal 


—~ 








Euthyroid Group 


Resin 0.80-1.30 132 
[131 15-50 132 





Resin 0.80-1.30 173 
PBI 4.0 -8.0 173 
Hyperthyroid Group 


Resin Over 1.30 26 
[131 Over 50 26 





Resin Over 1.30 22 
PBI Over 8.0 22 
Hypothyroid Group 


Resin Less than 0.8 18 
[131 Less than 15 18 





Resin Less than 0.8 29 
PBI Less than 4.0 29 
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In the euthyroid and hyperthyroid groups the I'*! uptake shows the expected 
error of about 15 per cent; the PBI a lesser one, and the resin uptake least. How- 
ever the hyperthyroid group is small for conclusions. In the hypothyroid group 
both I'*! and PBI show wide variations; the resin is apparently much better but 
this may be fortuitous for this small group. 


No useful correlation was possible with either the serum cholesterol or the 
basal metabolic rate. It is commonly accepted that neither of these tests is as 
satisfactory an index of thyroid function as either the PBI or the I'*' uptake. 
Findings in this series serve only to support this opinion. 


VARIOUS SPECIAL GROUPS WERE STUDIED: 


1. Treated hyperthyroids. Thirty-eight hyperthyroids who had become eu- 
thyroid after I'*', surgery, propylthiouracil, or combined therapy, had resin up- 
takes between 0.69 and 1.34. Only 17 had had resin uptakes while they were 
hyperthyroid, of these 16 were above 1.35, and the 17th 1.26. Three of the final 
readings in the group as a whole were under 0.80, namely 0.69, 0.70, and 0.77 
in the upper hypothyroid region. Certainly the final decision as to whether a 
hyperthyroid patient has been adequately treated is a clinical one, but a decided 
drop in resin uptake would be suggestive information. 

2. Adolescents. Since the T-3 resin uptake is known to be affected by estro- 
gens and androgens, it was felt that the adolescent population warranted special 
investigation. Fifty-four euthyroid individuals (males and females between 10 
and 18) with a mean age of 14% were studied. Thirty five of them had other tests 
for thyroid function in addition to a clinical diagnosis. The rest consisted of teen- 
agers who were serving as hospital volunteers and had undergone routine physi- 
cal examinations with no irregular findings. The mean resin uptake value for this 
entire group was 0.95, which is in the center of the adult euthyroid range. All but 
9 (83%) of the adolescents had values within the normal adult range. It may 
accordingly be concluded that the normal range of the T-3 resin uptake is the 
same for adults and adolescents. 

3. Children Below 10 Years. This group proved interesting because of con- 
sistently low resin uptake values. Only 15 children were studied: their ages 
ranged from 1% to 9% with an average of 6 years. Most of the cases were hos- 
pital patients with obstructional kidney disorders and unremarkable thyroid his- 
tories, who were presumably euthyroid. The mean resin uptake value for this 
group was 0.83. This is still within the normal adult range, but definitely on the 
low side. Six of these children had values in the hypothyroid range. Since these 
were not entirely normal children it is not certain that their sera would be typi- 
cal of childhood euthyroidism. This may well be an area for further study. 

4. Ante-partum Patients. After preliminary investigation on pregnant pa- 
tients who were at, or close, to term, it was decided that the estrogen effect dur- 
ing pregnancy could best be evaluated by periodic determinations throughout 
the term. A total of 19 euthyroid patients were tested at their regular ante-partum 
clinic visits throughout pregnancy and up to delivery. The ante-partum period 
ranged from 37 % to 44 weeks or, 40 weeks on the average. This was divided into 
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imesters of 1-12 weeks, 14-28 weeks (no patient was seen in the 13th week), 
id 29 weeks to delivery. The earliest case seen was 7 weeks pregnant. 

Seventeen tests were done on patients in their first trimester. Resin uptakes 
ere from 0.52 to 0.76 with a mean of 0.61; thus all were in the “hypothyroid” 
nge. Since each patient was rarely seen more than once during this period, the 
erall numbers are small. Nevertheless, the resin uptake values at this time are 
ready quite distinct from those of non-pregnant individuals as well as from 
ose of the 2nd trimester. 

During the 2nd trimester (14-28 weeks) 70 tests were done and the mean 
ropped to 0.47, range 0.37-0.61. This is definitely lower than the first trimester 
ilue. 

The last trimester is represented by 112 tests with a mean value of 0.45, 
‘ange 0.31-0.59. This is only slightly below the second trimester value; the dif- 
‘erence is not significant. 

A separate group of 36 patients, with resin uptakes done at the time of de- 
livery only, presented a mean value of 0.47, range 0.31-0.68. This correlates well 
with the above series. In no case was the value lower than 0.31. 

Resin uptake determinations were also made on thirteen additional preg- 
nant women, who presented some question of thyroid disorder—gland diffusely 
enlarged, cold intolerance, etc. All gave values well within the mean for their 
respective periods and were subsequently judged euthyroid. 

5. Post-partum Cases. Eleven of the original 19 pregnant patients consented 
to continue in the study during the post-partum course. Their resin uptakes grad- 





Fig. 2. Pattern of return to normal resin values in eleven post-partum women. 
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ually increased in a fairly consistent pattern (Fig. 2), and generally reached 
normal about the 25th post-partum day. One of the 11 showed a normal result 
at the 12th post-partum day, but then dropped slightly below normal and stayed 
there. The blood specimens were drawn at rather irregular intervals to cause 
the least inconvenience to the new mothers. However, the trend, even on so few 
cases, is obvious. 

6. Estrogen Effect in Non-Pregnant Women. Nine female patients were tak- 
ing estrogens of various types (Enovid, Premarin, Norlutin, etc. ), a few were also 
on thyroid medication such as cytomel. All were considered euthyroid. In all 
cases the resin uptake was depressed and seemed to mimic the Ist trimester of 
pregnancy with a mean value of 0.59. 

7. Androgen effect. The administration of androgens apparently causes a 
definite increase in the resin uptake. It was possible to study three male and one 
female patients before and after such therapy. Pretreatment values were 0.63, 
0.66, 0.76, and 0.88. On treatment, these rose to 1.04, 0.95, 1.33, and 1.21. The 
first two were teen-age boys. 

Early in the series, it seemed that males, in general, exhibited slightly higher 
uptakes than did females. However as the study progressed it was apparent that 
the differences were insignificant. In the basic group of 239 uncomplicated eu- 
thyroid cases, there were only 53 males. However their basic values (0.99) are 
in agreement with those of the females (0.98). 

In view of the obvious estrogen/androgen effect, a study of post-menopausal 
females was to be desired. It was only possible to collect a small group, with only 
32 over age 60 (mean age: 68). The average resin uptake for this group was 1.00, 
range 0.81 to 1.49. 

Although a slight increase in mean value was observed, there seems to be 
little doubt that neither the endocrinologically normal male or the post-meno- 
pausal female gives values outside the basic norm. 

Contrary to these findings is a recent preliminary report by DiGiulio et al 
(4) indicating that normal values for males and post-menopausal females are 
significantly different from those of pre-menopausal females. They felt that un- 
recognized differences could be attributed to techniques having poor discrimina- 
tion between the groups. 

Dilantin. It has been reported (3), that dilantin is capable of occupying the 
binding sites of TBG (thyroxine-binding-globulin) and would, therefore, be ex- 
pected to increase the resin uptake. Cases before and after dilantin treatment 
were, unfortunately, very difficult to get and only one such study was made. The 
resin uptake increased from 0.78 to 0.90 after two weeks on 50 mg dilantin. Eight 
other patients, already on dilantin for varying periods, and diagnosed as euthy- 
roid, showed a mean resin uptake of 1.02, range 0.81 to 1.27. This is not ap- 
preciably different from the normal range. 

The in vitro effect of dilantin was also observed by adding it to the incuba- 
tion mixtures of 12 serum samples (12.5 »g/ml serum). The initial uptake values 
of the serum samples, i.e. prior to dilantin, ranged from 0.63 to 1.07. With the 
addition of dilantin, each determination showed an increase ranging from 0.01 
to 0.28. Therefore, the only uptakes that were significantly affected were those 
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in the borderline regions. From these data it can be concluded that the effect 
of dilantin on the resin uptake is minimal. 

Duplication of results. An investigation of the early results on 485 duplicate 
2 ml samples showed the average difference between such samples to be 1.6 per 
cent. Later, when it became necessary to use only 2 ml of serum for each patient 
determination, the average difference between two 1 ml samples was 1.2 per cent. 
This was based on 372 determinations. Accordingly the measurement of duplicate 
samples was discontinued. 

It will be remembered that all the values given previously, are related to an 
assumed value of 1.0 for the pooled sera. However it may be worth while to 
include the original percentage uptakes for these sera. These values should be 
helpful to other groups who may wish to utilize the basic technique but be forced 
to change certain factors, such as resin brand or temperature to fit their particular 
working conditions. Use of these percentages would permit an approximate 
intercomparison. 

The pooled sera, used as the basic control, gave an average value of 
20.6 + 2.4 per cent uptake of the I'*1, with a range of 15.6 to 27.3. These values 
cover a 1% year period, using 8 different pools, each having an initial volume 
of about 800 ml. 


DISCUSSION 


This in vitro method of assaying thyroid function appears to be at least as 
accurate as the 24-hour I'*! uptake; according to the series here reported it is 
somewhat better, and is in fact not inferior to the PBI. It has several advantages 
over the usual in vivo tests:—1. Only one patient visit is necessary, instead of the 
usual two. 2. A rigid schedule of appointments for counting is not necessary. 
Blood can be drawn at any time, and serum stored for convenience. 3. Previous 
medication with organic or inorganic iodine or desiccated thyroid does not affect 
the validity of the results. 4. It is practicable to repeat the test as often as desired, 
and the procedure will not be complicated by iodine remaining from earlier tests. 
5. Since the patient receives no radioactive material, the test may be used for 
children, pregnant women, or anyone else in whom the presence of radioactivity 
is contra-indicated—e.g. those about to undergo other tests with radioactive 
materials. 

In a busy isotope laboratory, a disadvantage is the amount of time required 
to complete the test—considerably longer than the 24-hour uptake, although not 
so long as the chemical PBI. The need for special facilities for keeping every- 
thing refrigerated before and during the test may be a drawback. The fact that 
results obtained with different resin batches are not always strictly comparable is 
inconvenient, but the device of standardizing each batch relative to a large 
sample of pooled sera makes it simple to keep all values comparable within a 
single institution. However before values from different laboratories are con- 
sidered comparable even on this basis, it would be desirable to obtain a series 
of cross-comparisons. 

This has been done for one other laboratory in New York. Comparison studies 
on sera exchanged with Dr. Kenneth Sterling’s laboratory, and with that of the Mt. 
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Sinai Hospital pointed out the group-to-group variations in normal uptakes when 
percent values were employed, and emphasized the usefulness of the ratio values. 
In a small group of 39 patient sera, exchanged with Mt. Sinai, only 3 showed 
significant disagreement between the 2 laboratories. Five others showed discrep- 
ancies of lesser degree and they were all in the borderline region (5). 


It is not suggested that this test replace the 24-hour untake in a busy depart- 
ment. The extra time necessary would usually preclude this. But as a supple- 
mentary or substitute test in special cases, it appears to be very much worthwhile. 


SUMMARY 


An in vitro test of thyroid function has been evaluated in a series of about 
1000 measurements. The test consists in adding to the patient’s serum a known 
amount of I'*! labelled triiodothyronine, mixing this with an ion-exchange resin, 
and measuring the amount of radioactive iodine absorbed by the resin. All uptake 
or absorption values are related to that obtained with a sample from a large 
pool of mixed sera (chemistry laboratory or blood bank) which is assumed to 
represent the normal individual. On the basis of the reading of this sample as 
1.0, values from 0.80 to 1.30 indicate euthyroidism. Above 1.30 the indication is 
for hyperthyroidism and below 0.80, for hypothyroidism. 


In a series of 383 individuals clinically euthyroid, 3 per cent gave unduly 
high readings and 4 per cent unduly low. This is better than would be expected 
of the 24-hour I'*! uptake test. Of 57 hyperthyroids, 4 per cent gave readings in 
the euthyroid range; of 72 clinically hypothyroids, 14 per cent gave readings in 
the euthyroid range; (this is comparable to the I'*' uptake). 

Adolescents and children give readings in the adult euthyroid region. The 
very young children tend to be in the lower part of the range; the teen-agers fall 
in the center. 

Very early in pregnancy the value for the euthyroid woman drops into the 
low hypothyroid range and remains there until a few weeks post-partum. 

It is not suggested that this test replace the 24-hour uptake, or any other 
currently employed test. It is an addition to the battery of tests available. It does 
have the outstanding advantage of not being influenced by previous medication 
with iodine. It is somewhat more difficult and time consuming than the standard 
uptake test, but no more so than the PBI. 
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Digital Processing/Display System for 


Radioisotope Scanning*” 


Bergene Kawin, Ph.D., Frank V. Huston, B.S., and 
Clyde B. Cope, M.D. 


Fort Howard and Washington 


INTRODUCTION 


Clinical radioisotope scanning entails the in vivo detection, recording, and 
comparison of radionuclide concentrations within organs and the surrounding 
areas. Details of many specific scan recording techniques and procedures have 
been reviewed comprehensively elsewhere (1-8). Generally two methods are now 
used to record scanning data. One of these, where a special purpose or inter- 
pretative result is desired, employs analog principles. Examples of analog records 
are strip chart recordings of count rate for two-dimensional (9) or three-dimen- 
sional plots (10), and “photorecording” (11-13). The second method for record- 
ing scanning data relies on digital means, utilizing output devices such as the 
dot tapper (14), teledeltos (15), and more recently, the “high speed” dot tapper 
(8, 16), or photographic digital recording (17-20). Combinations of the analog 
and digital methods also are used in order to secure certain advantages of both 
methods. These systems may exploit count-rate modulation of contrast, a digital 
photorecording device, or experimental combinations such as the photomulti- 
dotter (8) and the half-tone matrix printer (21). A recently developed hybrid 
system that has promise employs selective count range colors for print-out 
(8-22). 

As a whole, much of the equipment and many techniques now used for 
radioisotope scanning do not produce good results often enough. In the belief 
that the use of advanced methods of digital data collection, storage, and process- 
ing procedures will help to solve some of the outstanding problems encountered, 
an automated radioisotope scanning system that-incorporates many digital prin- 
ciples and methods has been developed. This system expresses the values of 
counts accumulated for fixed time periods in digital form, relates them to posi- 
tion, stores the data in the programmed scanning sequence, and transmits the 
scan information by dataphone to a remotely located computer center for 


‘Radioisotope Service and Testing and Development Center, Veterans Administration 
Hospital, Fort Howard, Maryland. - 
*Supported by the Veterans Administration. 
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Fig. 1. Block diagram, Scan display system. 


processing. The final computer processing function is designed to permit auto- 
matic preparation of the final display in contour map form. The inclusion of 
telephone transmission, high speed telecommunication procedures, and automatic 
computer processing increases the capacity and flexibility of the system, and 
provides a basis for a data acquisition complex that could serve several labora- 
tories and provide readily available computer analysis for a diversity of bio- 
medical data. 
SCANNER SYSTEM AND PROCEDURES 


The system configuration consists of four functional sections. They are: (1) 
Data Collection, (2) Transmission System, (3) Computer Processor, and (4) 
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fig. 2. The Data Collection Station produces a punched paper tape record. 





502 KAWIN, HUSTON AND COPE 


Display Plotter Device. Their interrelationships are shown in the flow chart of 
Figure 1. 


(1) Data Collection. The data collection system, shown diagrammatically 
in Figure 2, consists of a commercial radioisotope scanner,' pulse height analyzer, 
and the Control Recorder Unit.? Together, during a scan these elements relate 
the physical position of the scanner to time units. This is made possible when 
the control recorder unit receives the count signals from the analyzer within 
fixed time intervals. The time intervals are manually preset by means of a front 
panel variable control on the Control Recorder Unit. This control establishes 
the collection interval that the signals are accumulated in the electronic counter. 
These basic counting intervals are generated by an electronic clock, and range 
downward on a binary scale from four seconds to a minimum interval of 1/16 
second. Greater collection speed is unnecessary because collimator resolution 
and count density are limited. Theoretically, the shortest time interval available 
permits accumulation of counts from a minimum length of about 0.02 inch of 
sweep, with a maximum scanning speed, for this scanner, of 12 in/min. Even 
this time interval-scan speed relationship should not introduce any distortion 
beyond the appreciable inaccuracies related to the collimator structure itself. 
The two features of minimun “resolution” distances and the wide selection of 
clock intervals available will permit use of low count densities, decrease scan- 
ning times, and allow for improvement of crystal-collimator arrays. 

During a scan high speed impulses from the electronic clock transfer the 
accumulated counts from the electronic counter storage to a paper tape punch 


register, and reset the counter to zero. The accumulated totals for one scan seg- 
ment are then punched as three digits on one-inch, eight-bit perforator tape. 
Meanwhile more count data are accumulated. 


In order to conform to the count densities that are most likely to be en- 
countered in scanning procedures, and also to cover a wide range of counts, 
the electronic counter is designed to record the digits over a range from 000 to 
a maximum count of 999 for any time interval selected. Each count, represented 
by three characters (chars) is followed by an end-of-count char to form a “word”. 
To increase the recorded count density from a low to a higher value the basic tim- 
ing sequence can be increased up to the four second count collection interval, 
and the scan speed may be decreased. A more significant restriction on the 
maximum rate that any data can be recorded is the minimum selectable time 
interval governing the frequency with which each data input word can be 
transferred to the paper tape punch and recorded. Obviously, the maximum rate 
at which the punch can record each four-char word must be greater than the 
data input rate in order to prevent discrepancies and recording errors. Because 
the highest speed of the tape punch is 100 eight-bit chars/sec, a single word 
can be punched within every 0.04 second. With this speed it is clear that the 
tape punch capacity cannot be exceeded even at the minimum clock interval 
setting of about 0.06 (1/16) second. 


*Nuclear-Chicago Corporation. 
*Digitronics, Inc., Long Island, N.Y. 
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In addition, the count sampling capacity of the system is comparatively 
high. Specifically, the maximum count “rate” that the system is able to record 
's the product of the maximum word value of 999 multiplied by the number of 
unt data words collected each second. At the minimum count interval setting 
f 1/16 second the number of words collected is 16/sec. Thus the maximum 
ate is 999 x 16, or 15,984 counts/sec. In theory, this rate of recording capacity 
s equivalent to the disintegration rate of about 0.4 »C of radioisotope, but if the 
isual counting efficiency characteristics of the equipmeni is taken into considera- 
ion, then the count rate input capacity of the Control Recorder Unit-punch 
combination is equivalent to the count rate from about 4 uC of radioisotope, meas- 
ired at the face of the scintillation detector crystal. If a count rate that exceeds 
.5,984 counts/sec at the minimum time setting (or a count rate that exceeds a value 
if 999/word at any other time setting) is presented to the Control Recorder Unit 
o be recorded, a built-in audio-visual “overflow” alarm is activated. In practical 
ise, “overflow” conditions have been produced only when count rates from 
repared radioisotope phantoms have been measured at the four second maxi- 
num clock interval. By switching to the next shorter interval of two seconds the 
individual word count values from the phantoms can be decreased to 999 or less. 
In view of the factor of 64 that the entire range of time settings from 4 seconds 
down to 1/16 second affords, the fact that a single change from the maximum to 
the next lower two second interval collection time interval is sufficient to bring 
a rather high count rate into the range of the count measurement capacity of 
the system, indicates that the probable maximum system capacity is more than 
30 times as great as that required for phantoms used so far. Experience suggests 
that in biological studies at the count levels found in tissues the upper count 
limit capacities will not be so closely approached. On the contrary, it is neces- 
sary to use the longer count collection time intervals in order to increase the 
apparent count densities recorded, and when these are very low, to consider the 
use of specialized computer programming procedures to emphasize small statisti- 
cal differences. 


TELEPHONE 
LINES 


wiscin TAPE — TAPE 
A 
RECORDER SITE COMPUTER SITE 


Fig. 3. In the bi-directional Transmission System the paper tape Dial-O-Verter transmits the 
data to and from the computer site where it is received on magnetic tape. 
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The amount of tape punched to record a sequence of scan words is related 
to the operational speed of the scanner, the count time interval, the word length, 
and to the fixed spacing of the chars punched in the tape (10/in). As an extreme 
example, punching tape at the maximum recording speed of 16 words/sec, at 
a scan speed of 0.2 in/sec, will produce 32 in of tape/linear in of scan. This 
calculation is expressed as: 


(16 words/sec) (4 char/word - eles ais 

(0.2 in, scan/sec) Sistem =e Signs 
At these settings, a 20-minute scan would require 640 feet of tape: usually the 
count densities are not high enough to justify as fine a resolution of data as these 
settings represent. However, these time settings and scan speeds were selected 
to furnish a maximum figure for tape requirements. In actual practice many 20- 
minute scans require a total of about 20 feet of tape. 

While scanning, the Control Recorder Unit also generates a special char to 
represent the initiation of a transverse sweep. At the start of the first scan 
sweep, an impulse causes one of these chars, “start-sweep-left” or “start-sweep- 
right,” to be punched. Following this, the count words detected over each 
sequential portion of the traverse are recorded automatically under control of 
the electronic clock. At the end of the initial sweep when the detector reverses 
direction, the second, but different start-sweep char is inserted into the tape rec- 
ord. The first start-sweep char is re-inserted at the end of the return sweep, so 
that only one of each of these two start chars characterizes opposite ends of the 
sweeps. In this way the start-sweep chars define the limits of the scan borders 
as they are punched on tape. The Control Recorder Unit is so constructed that 
it does not immediately punch out any count detected at the very edge of the 
scan border while the collimator head indexes and the end-of-sweep char is 
being recorded. However, a count in this area is not “lost” because of this 
Recorder characteristic, even though it is very likely that it represents back- 
ground radiation and occurs very infrequently. Instead, during the moment of 
sweep direction change the occasional count in this area is transferred from the 
scaler, and accumulated by the Recorder Unit, and then is added to the initial 
word of the new sweep. The accuracy of this procedure has been borne out 
repeatedly, not only by the consistent uniformity between the number of words 
produced in consecutive sweeps, but equally as well by the values recorded in 
the initial word of each sweep. Even if a single count were to go undetected by 
some recording malfunction, or was read onto the tape record within the word 
count that represents perhaps the first 5 mm of the sweep, it would lack statisti- 
cal significance. Also, it would be very difficult to assign clinical significance to 
the gain or loss of a count at the extreme border of a scan, where, in the ab- 
sence of any concentration pattern, counts usually occur so randomly. A phe- 
nomenon observed much more frequently at the beginning of a sweep is the 
insertion into the tape record of two immediately consecutive start-sweep chars, 
instead of the single one required. This is caused by transient voltages produced 
by the d.c. motors when the sweep direction is reversed. To avoid any error 
from this source the computer program discards any sweep chars not separated 
from another one by data words. 
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A special “block” symbol that has specific functions in the tape record 
transmission procedures is also punched at the beginning and end of every scan, 
so that each scan data record will be preceded by its separate identifying data 
or header. Before the scan itself is recorded the header is introduced into the 
scan tape from a tape produced on a manually operated keyboard, indicated 
in Figure 2, the keyboard assembly reads and punches the header record into the 
scan tape through a “type” operation mode built into the Recorder Unit. The 
only programmed limitation on the identification header is that it must contain 
at least 15 chars. 

Besides header information and count data, a third system input is body 
orientation marks that indicate the relative position of the area to be scanned. 
A pantographic follower, indicated in Figure 2, with a special contact electrode 
attached to the scanning head, permits recording of these data. The electrode 
rides over paper, pierced at points selected to correspond to anatomical land- 
marks. During a scan when the electrode makes contact through these holes with 


*Friden “Flexowriter”, Model SPS. 





Fig. 4. Paper Tape Dial-O-Verter at Data Collection Station. 
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a conductive plate a pulse is generated. For each contact made this pulse auto- 
matically causes a predetermined char to be inserted into the paper tape record. 
Since codes can be punched in the tape within 0.01 second, body orientation 
marks are inserted without interference with the word count recording. The 
procedure followed to the present makes provision for three orientation points. 
It is possible for the electrode to miss one of these points during a scan and 
record only two of them. Even so, the two points recorded plus the line segment 
between them will still locate the planar position of the area scanned. 

2) Transmission System. A diagramatic representation of the transmission 
functions is shown in Figure 3. The data are transmitted to and from the com- 
puter site over a commercial dial system telephone circuit via Dataphone sub- 
sets, Model 202A. A type 4A circuit, or equivalent, is the basic facility within 
the telephone transmission configuration, and is used to meet data quality speci- 
fications per U.S./VF land line tariffs. The envelope delay is stated as 1000 psec 
at 1000-2400 cps. The amplitude vs frequency, measured with reference to loss 
at 1000 cps, should be —1 to +3 db at 1000-2400 cps, and —2 to +6 db at 300- 
2700 cps. The information punched on paper tape is transmitted from the Data 


Fig. 5. Magnetic Tape Dial-O-Verter at Computer Site. 
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Collection Station to the computer site by means of a modified Paper Tape 
Unit,’ Figure 4, at a rate of 150 char/sec. At the computer site the data are 
received by a buffered Magnetic Tape Unit,” Figure 5, and converted to BCD 
format. This unit writes it directly onto magnetic tape so that it is compatible 
with the computer input. Some examples of the code conversions are shown in 
Table I. At the transmission rate stated a 20-minute scan would be transmitted 
within 20 seconds, but nearly 30 seconds are required because of the automatic 
error checking and block repeating features that are built into the transmission 
units. 


3) Computer Processor. At the computer site an IBM 7094, with a 32,000 
word internal storage capacity, processes the data. This computer is used because 
of its accessibility, speed, and versatility, but other computers could be utilized 
similarly in different operational situations. A program prepared for the computer 
processes and sequences the digitized scan data and inserts special codes where 
needed. The program codifies the data in final form with special instructions to 
drive the display plotter unit. The master computer program to carry out these 
steps is now almost completely “debugged”. In final form it will consist of five 
subprograms. A block diagram of the stored computer program which will gen- 
erate the output data is shown in Figure 6. The magnetic tape output of the 
computer (about 20 per cent less than the input data) is re-transmitted by the 
Magnetic Tape Unit back to the Data Collection Station, where it is recorded on 
paper tape. Although the Magnetic Tape Unit can transmit at the same speed 
as the Paper Tape Unit (150 char/sec), transmissions are restricted to 100 
char/sec to conform to the top receiving speed of the paper tape punch. 

4) Display Plotter Device. The computer-processed data are received onto 
punched paper tape at the Data Collection Station location. Then the paper tape 
reel is transferred to a tape handler-reader to the input that is coupled by way 


*‘Digitronics Dial-O-Verter, Model D505. 
*Digitronics Dial-O-Verter, Model D520. 


TABLE I 


SYMBOL BIT STRUCTURE 








Bit Structure 
Symbol Paper Tape* Magnetic Tape’ 





End of word 8 48BC 
Start sweep (left/right) 156 1A 
Start sweep (right/left) 12456 128A 
Stop read 124 48 
Orientation 12457 48AC 
Error 567 AB 





“For 8-channel, 1” paper tape, with vertical odd parity and horizontal even parity. Ten char/in. 
"For 44", 200 bpi minimum, magnetic tape. 
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of a logic interface to a digital XY plotter. These combined equipments are 
shown in Figure 7. The reader has a speed of 300 char/sec, which matches the 
maximum plotter speed of 300 decrements/sec. A single decrement is equal to 
0.01 inch. The plotter ignores the header data in the punched tape, but follows 
the vectorial instructions to produce an isocount contour map. Because the speed 
of the reader-plotter combination is so high, the data on an entire reel of tape, 
representing perhaps ten or more scans, can be read and plotted in about seven 
minutes. Repetitive plot-outs of the isocontour display are obtained by re-reading 
the processed data tape through the plotter. The header data are included in 
the tape for automatic print-out on the display by the typewritter after the 
contour map is removed from the plotter. The display is ready for diagnostic 
analysis after these final operations.* 

In order to facilitate comparison of contour plots with the outputs of the 
photorecord and dot tapper the digital system, described in this paper, has been 


An alternative method provides for direct plotting of the header from tape prepared by 
semiautomatic transcription of alphanumeric logic codes from a master tape. This is effected 
through a “search-copy” option on the panel of the paper tape transmission unit, operating 
through the tape punch. 
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Fig. 6. Block diagram, scan data computer program. 
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designed to accept scanning pulses independently, but coincidental with the pho- 
torecording and dot tapper linkages. Since the pulse output of the detection 
apparatus is common to these circuits as well as to the digital Control Recorder 
Unit, the three different types of records can be obtained simultaneously, if 
desired, from identical pulses that enter each circuit at the same instant.” 


DISCUSSION 


Current literature describes a wide variety of analog, digital, and combined 
analog-digital scan recording methods. Often analog procedures may be used 
advantagecusly when a special purpose or interpretative result is desired. Yet, 
their major disadvantage lies in the fact that under clinical conditions it is not 
possible to establish for certain at the start whether the record about to be 
produced will be the most informative one possible. These restrictive conditions 
exist because those parameters which facilitate best interpretation are often 
difficult or impossible to preselect. Moreover, it seems unwise to regulate in 
advance the amount of scan information to be rejected. This is especially true 
in consideration of the potential scan volume obtainable through the instrumen- 
tation used. 


In contrast, scan information obtained by digital recording may be trans- 
mitted, converted, processed, manipulated, or discarded to whatever degree the 
clinical situation demands. More importantly, the scan record has the advantage 
of not being subjected to an initial exclusion or rejection of information, as may 
be the case, for instance, when analog photorecording procedures are used. 


Many of these advantages can be realized through the automatic system 
described, where computer processing procedures and automated programatic 
isocontour recording and display are used. This system acquires, records, and 
stores data nondestructively in a form suitable for computer processing so that 
it can be studied in detail at any time desired. 


The digital record of accumulated counts and positional information is well 
suited to preparation of an isocontour activity map. This type of display record 
has the advantage that the statistical significance of the counts contours can be 
determined visually on the display and compared to the tape record. Since the 
relative distances between the display contour lines indicate the abruptness of 
the concentration changes, the isocount configuration also directs the eye to 
areas of relatively high or low activity. 


Some of the features found in an isocount contour display are illustrated in 
Figure 8a, where a typical data reduction exercise has been manually simulated 
for thyroid tissue. In this diagram isocontour values were assigned to the con- 
tour lines after these were drawn. Because the distances between the contours 


*For example, comparison of identical count pulses, measured simultaneously but sepa- 
rately by the digital method and by a ratemeter, indicates that the ratemeter total of pulses 
recorded per unit time is less than that of the digital recording system. The number recorded 
varies downward to as low as 80% of the number detected and recorded by the digital 
Control Recorder Unit. The statistical variations of the ratemeter counts also appear to be 
greater. Conceivably, this difference could have some effect on the fidelity of photorecording. 
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are not necessarily uniformly proportional to the numerical differences assigned 
to the isocount lines, “distortion” was, in effect, introduced into this figure. In 
order to test whether the computer program could modify or correct for this 
purposely inserted error pattern the data from the map in Figure 8a was re- 
corded on tape, incorporated into the program, processed, and read into a plotter. 
The isocount contour map, shown in Figure 8b, reproduces the resultant count dis- 











Fig. 7. The paper tape instructions control the plotter in accordance with the ccmputer 
analysis. 
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tribution. Here the computer has compared the values presented to it and relocated 
them to isocount contours that are situated in corrected relative geographic rela- 
tionship to each other. Hence the data processing reduced and removed the 
“distortion” purposely introduced into the left-hand figure. 

Compared to automatic plotting procedures, manual plotting of an isocontour 
map has serious drawbacks. With computer processing, which corrects for de- 
viant data, and fast plotting equipment, each contour can be matched quickly 
to its appropriate data value range without the need for human decision, which 
would be superfluous here. Manual plotting requires much care and time to 
ensure that each contour line will correspond accurately enough to a particular 
count range so that a usable record display is obtained. Because of this require- 
ment, manual display preparation attains so slow a speed that the costs of man- 
power time become excessive. By increasing the labor time costs the expenses of 
scan preparation may become prohibitive, and thus limit markedly the number 
of scans that can be plotted and completed. 

The data acquired in digital form is suitable not only for computer process- 
ing to produce isocontour map displays, but it is also adaptable to other types 
of computer analysis in different specialized programs. Thus it has the advantage 
that by selection of a specific program particular features of a scan can be em- 
phasized in different display forms. However, even though the form of the 
type of display can be modified it is still possible to bring out additional inter- 
pretative features, still without loss of original data, if accentuation is carried out 


nondestructively by means of a “contrast enhancement” procedure, such as 
through a television monitor circuit or by photocopying. 
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Fig. 8a. Isocount contour map of thyroid tissue: manual simulation. 


Fig. 8b. Isocount contour map plotted from data figure on left: after processing 
program. 
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SYSTEM APPLICATIONS 


Although it is not envisioned that radioisotope isocontour or profile displays, 
prepared in the way that has been detailed, will be the ultimate single solution to 
scanning problems, they will assist in visual interpretation and analysis. The 
system procedures provide increased accuracy in scan data acquisition and re- 
cording, and in this way they can increase accuracy of definition and reduce 
display distortion. In addition, the rapid, dependable telecommunication facil- 
ities incorporated into the radioisotope scanning system is a feature that offers 
several important advantages if properly utilized. 

Apart from its use for transmission of radioisotope scanning data outlined 
here, telecommunication facilities can be used to transmit a wide variety of other 
biomedical data. These capabilities for rapid transmission of data can be ex- 
tended to include the possibility of use by several laboratories clustered about 
a centrally located computer. In this way the potential ability to solve many 
urgent biomedical problems rapidly and accurately can be increased many-fold. 
Only a few of the data-oriented problems that a telecommunication-computer 
net could help to solve need to be mentioned here briefly in order to illustrate 
its possible utility and advantages. For example, in a clinical test program many 
functional radioisotope measurements tests (bilateral renograms, cardiac func- 
tion tests, blood studies, etc.) yield numerical output data that are readily intro- 
duced into computer program formats. Development and routine usage of these 
types of programs could facilitate, in turn, regional or national cooperative group 
studies to evaluate data comparatively or to establish experimental or standard- 
ized clinical study procedures. One of the most suitable fields where there is 
extensive need for the application of computer-centered telecommunication 
procedures is in programs for patient handling and traffic functions. These 
might include transmission and storage of patient records, or extended surveys 
for analysis of patient records to help evaluate treatment effects and trends. 

Many factors influence the rational use of a data telecommunication net. 
Here, an indication of only a few of these will suffice. Differences in quantity or 
type of data analysis requirements will be closely related to the equipment needs 
and use for each individual station in a data net, but without prior planning and 
more exact definition of these requirements, they can be suggested here only in 
a relatively figurative manner. 

The time-consuming characteristics of data collection, transmission, and 
data read-out operations also will be closely interrelated with the potential 
magnitude and character of the telecommunication net. In this regard, one factor 
which favors increased size of a data net is that the geographical differences 
between users permits many different procedures to be carried out simultane- 
ously. However, another factor, which acts to limit the number of participating 
stations, is the total capacity of an individual station to collect data, for this 
capability is usually much less than the very great speed of most data. process- 
ing equipment. Furthermore, the rate that data can be collected and introduced 
into the data processing complex will be measured not so much by the data 
source or type, but more by the measuring equipment characteristics, and by 
the amount of time that is devoted to data collection. For an example, if each 
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tation could collect data at the rate of 16 chars/sec, a rate typical of the system 
lescribed in this report, and collected it for eight hours per day, then somewhat 
‘ess than four 1000-ft reels of data could be accumulated by any one laboratory. 
his would require about four hours to-and-from transmission time, and on this 
»asis alone it would be practicable for only two stations to operate conjointly to 
. single computer. However, it is extremely difficult to envisage that data could 
1e collected so continuously, or that so much radioisotope would be utilized in 
most clinical situations to require this data collection rate. It would be more 
reasonable to anticipate a lower figure of about one reel of data for data collec- 
tion capability. This would amount to 1.2 x 10° recorded chars, a quantity of 
data that would still require a considerable time for accurate interpretation and 
analysis. To introduce, process, and retrieve this amount of data from the data 
processing center would take about one hour, and as a result, a conservative 
estimate for data net size would be about eight stations. Obviously, any estimate 
of this type is subject to much revision to conform to actual operational condi- 
tions. 

The criteria so briefly touched upon here, and others that also bear upon 
the establishment and use of a data telecommunication net will require refined 
study before final answers can be reached. Their analysis is the object of several 
current feasibility studies. 


SUMMARY 


A system for automatic transmission, computer processing, and transforma- 
tion of radioisotope scanning data for final display in contour map form has been 
developed to evaluate its use and capabilities for biomedical data measurement. 
It employs an existing scanning, recording and telecomputing configuration to 
prepare automatically two-dimensional isocount contour maps from computer- 
processed radioisotope scan data. 

The experimental scanning system is comprised of four functional sections: 
(1) Data Collection Station, (2) Transmission System, (3) Computer Processor, 
and (4) Display Plotter Device. These components and their operation are de- 
scribed and discussed. 

The research configuration is utilized to compare and evaluate the effects of 
(1) count density, (2) count interval time, (3) scanner speed, and (4) defini- 
tion capabilities in scans performed with phantoms, organs, or on patients pre- 
sented for clinical diagnosis. By introduction of these data into the automated 
bioelectronic data collection, telecomputing and display system, improvements 
in the speed and accuracy of analysis of radioisotope scan data will be demon- 
strated. 

Some capabilities of this system to incorporate a variety of other biomedical 
data into the present or a modified expanded telecommunication/computer sys- 
tem are briefly presented and discussed. 
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Scintillation Camera with Multichannel Collimators 


Hal O. Anger’ 
Berkeley, California 


INTRODUCTION 


The scintillation camera is a sensitive electronic instrument for taking pic- 
tures of the distribution of gamma-ray and positron-emitting isotopes in vivo. 
The pictures are similar to those obtained from mechanical scanners, but 
they are produced in much less time. No scanning is employed because the 
scintillation camera is sensitive to all parts of its field of view during the entire 
exposure time. 

To obtain an image of activity distribution a collimator first projects a 
gamma-ray image of the subject onto a scintillator. The instrument described 
here uses a single sodium iodide crystal 11% inches in diameter by % inch thick. 
Coupled to the crystal through an optical light guide is a close-packed hexagonal 
array of 19 multiplier phototubes. The phototubes view overlapping areas in 
the scintillator so that light from each scintiHation divides among the 19 tubes. 
The combination of scintillator, light guide, and phototubes is called an image 
detector (1). The phototubes are connected to an analog computer that identi- 
fies the X and Y coordinates and the brightness of each scintillation occurring in 
the crystal. All photopeak scintillations are reproduced on an oscilloscope as 
point flashes of light in the same relative positions in which they occurred in the 
scintillator. The flashes are photographed over a period of time, and an image 
of the subject results. 

To obtain the best combination of sensitivity and resolution for a given 
subject and radionuclide, the optimum collimation method should be used. A 
brief account of the three collimating methods—pinhole, multichannel, and 
positron coincidence—has been given (2). For positron emitters, coincidence 
collimation gives excellent sensitivity and resolution for both large and small 
subjects. For small subjects containing gamma-ray emitters, pinhole collimation 
is the method of choice. It is used to obtain high-resolution pictures of small 
subjects such as the thyroid gland. 

However, for large gamma-ray emitting subjects, such as the brain or 
liver, collimators with large numbers of parallel holes (2-9) give the best com- 
bination of sensitivity and resolution. A drawing of this type of collimator is 
shown with the scintillation camera image detector in Figure 1. 
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Parallel-channel collimators have properties that are different from those 
of other collimators. One characteristic is the one-to-one size relationship be- 
tween the subject and the image produced in the scintillator. In addition the 
size is independent of the distance between the subject and the collimator. This 
is an advantage in diagnostic situations where an organ lies at an unknown 
depth and its size is to be determined. 

Sharpest image resolution is obtained in the parts of the subject lying closest 
to the collimator. However, parallel-channel collimators can be designed to pro- 
vide resolution equal to focused collimators in the deeper parts of the subject. 
The “depth of focus” of parallel-channel collimators can be much greater than 
that provided by focused collimators. 

Parallel-channel collimators have substantially uniform “depth response,” or 
in other words, equal sensitivity to activity at different depths in air. In tissue 
the depth response is of course modified by tissue attenuation. 

Many combinations of hole diameter, length, and septal thickness are pos- 
sible in multichannel collimators. Formulas are given in the next section to 
assist in designing collimators that have maximum efficiency for a given resolu- 
tion and maximum gamma-ray energy. The collimators are most efficient when 
they can be designed for use with low-energy gamma rays, because the septa 
can be thinner and more holes can be packed into a given area. However, even 
when the collimators are designed for use with gamma rays of 0.4 MeV or more, 
the overall sensitivity of the scintillation camera is still considerably higher than 
that of focused-collimator mechanical scanners. 
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Fig. 1. Scintillation camera image detector with multichannel collimator. 
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DESIGN OF PARALLEL-CHANNEL COLLIMATORS 


Mathematical analysis of the image produced by a parallel-channel collima- 
or is rather complex compared with pinhole collimation or positron coincidence 
collimation. In the latter two methods, a point source in the subject is imaged as 
, disc on the image detector. With multichannel collimators, gamma rays from 
, point source may strike the image detector in several areas, because they may 
travel through more than one of the holes to reach the scintillator. The shape of 
the irradiated areas depends on the shape of the holes, their distribution pattern, 
ind the placement of the point source relative to the holes. 

The mathematical analysis of this type of collimator is simplified if the 
assumption is made that the collimator moves sideways in the manner of a 
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Fig. 2. Section view of parallel-channel collimator showing gamma-ray pathways and irradi- 
ated areas of scintillator. 








518 HAL O. ANGER 


Bucky filter during the exposure time. Formulas have been derived that give 
the sensitivity and resolution as a function of hole diameter, length, and septal 
thickness. They have been derived by (a) assuming that the collimator moves rela- 
tive to the subject and image detector during the entire exposure time, (b) deter- 
mining the fraction of the time that a point source in the subject is visible to each 
element in the image detector and the solid angle of each element, and (c) 
integrating to determine the overall geometric efficiency. 


For example, consider a collimator consisting ot a rectangular array of square 
holes as shown in Figure 2. This section view shows a plane through the center 
of a row of holes. The width of the holes is d, the length is a, and the septal 
thickness is t. The distance from the radioactive subject to the near end of 
the collimator is b, and the distance from the central plane of the scintillator to 
ihe other end of the collimator is c. 


If the collimator is stationary, the distribution of gamma rays has the irreg- 
ular shape shown at the top of Figure 2, but if the collimator moves in the 
direction shown, the average distribution of gamma rays that strike the scin- 
tillator has a triangular shape. The intensity is then a maximum at point o directly 
above the point source, and it falls linearly to zero, assuming opaque septa, at 
points q and q’. The distance oq, which is approximately equal to the full width 
of the gamma-ray intensity curve at half maximum, is defined as the geometric 
resolution-distance R. 















































Fig. 3. Path of minimum attenuation for gamma rays penetrating collimator septa. 
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From geometric considerations, it can be shown that 





_d(a+b+c) 


a 


R (1) 


As expected, the resolution-distance R is smallest, or in other words the image 
is sharpest, when the distances b and c are small. 
The geometric efficiency of the collimator is given by the formula 


= 
= a(d+t)J ’ 


Point sources Multiaperture 
collimator 


Fig. 4. Enlarged section of image showing 5 point sources of Ba’ resolved by the “A” multi- 
channel collimator. Sources are 1 inch from collimator and on the axes of holes 
shown in diagram. 
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where g is defined as the number of gamma rays that pass through the chan- 
nels divided by the total number emitted by the subject. Scattered gamma 
rays and any that travel through the septa are not included. It should be noted 
that g is independent of b, the distance between the subject and the collimator, 
providing the subject is completely imaged within the boundaries of the scin- 
tillator. Therefore the counting rate of a subject in air should be independent 
of the distance from the collimator to the subject. This has been found by experi- 
ment to:be approximately true. The value of the constant K depends on the 
shape of the holes and their distribution pattern. It has been determined mathe- 
matically and confirmed approximately by experiment that K = 0.282 for square 
holes in a square array and K = 0.238 for round holes in a hexagonal array. 

The shortest distance a gamma ray can travel through septal material when 
taking the unwanted path of minimum attenuation pr, shown in Figure 3, is w. 
From geometric considerations, w and t are approximately given by 
“— or p= (3) 
From experimental studies, it has been determined that acceptable images result 
when the narrow-beam (Compton + photoelectric) attenuation of gamma rays 
taking the path pr is 95% or more. Assuming a given collimator material and 
gamma-ray energy, the distance w can be calculated. With w known, the mini- 
mum permissible septal thickness can be calculated for any hole diameter and 
length. 

The sensitivity S in terms of dots per minute recorded on the picture per 
microcurie of activity in air is given by 


WwW 


K'd' 

a (d+h"’ (4) 
where f, is the abundance factor of the gamma ray, or the average number of 
gamma rays of a given energy emitted per disintegration. The photopeak count- 
ing efficiency « is defined as the fraction of gamma rays incident on the scin- 
tillator that produce a dot on the picture when the pulse-height selector window 
is adjusted to accept nearly all the photopeak scintillations. Values of « are 
given in other papers. (1, 2, 10). With the above equations, collimators can 
be designed that have optimum hole diameter, length, and septal thickness for 
a given subject-to-collimator distance, maximum gamma-ray energy, and de- 
sired resolution. 


S = 2.2 X 10° ef, 


DEPTH OF FOCUS AND DEPTH RESPONSE 


Since clinical subjects are nearly always several inches thick, the “depth 
of focus”, or the depth over which a relatively sharp image is obtained, must 
be taken into account when evaluating any collimation method. The resolution 
of focused collimators is best for the parts of the subject at the geometric focus, 
which is usually 3 inches from the collimator. Their depth of focus is limited, and 
planes closer and farther away are less sharply resolved (11, 12). 

In comparison, the resolution of parallel-channel collimators is best for the 
parts of the subject closest to the collimator, and the resolution decreases with 
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ncreasing distance. However, a parallel-channel collimator can be designed to 
‘ive as good resolution as desired at any depth. For instance, it can be designed 
o have the same resolution at 3-inch distance as a focused collimator. Then it 
vill have greater depth of focus because it will sharply resolve all the closer 
lanes while the focused collimator will not. 

Both collimating methods. have “uniform depth response” in air, or equal 
ounting sensitivity for activity at different depths. However, neither has uniform 
lepth response in tissue because of gamma-ray scattering and absorption. It 
might be thought that because a stationary focused collimator has a maximum 
response to a point source on the axis at a distance of 3 inches (13), it would 
‘ye more sensitive to activity lying on that plane in an actual scanning situation. 
This is not the case, as indicated by others (12, 14, 15) and confirmed experi- 
mentally by the author. Under working conditions, the “depth response” of the 
two collimating methods is the same, and each decreases with distance only 
because of tissue attenuation. 


PARAMETERS OF TYPICAL COLLIMATORS 


Parallel-channel collimators with hexagonal arrays of round holes can be 
made by (a) drilling holes in a plate, (b) cementing together lengths of tubing, 
or (c) casting the entire collimator in a suitable mold. Rectangular arrays of 
square holes have been made by (d) cementing together strips of lead or tung- 
sten, (e) pressing sheet lead into W-shaped sections and cementing them to- 
gether, and (f) cementing alternate strips of lead foil and balsa wood, cutting 
them crosswise into strips, and cementing these alternately with lead foil. This 
last technique is used to make low-energy collimators. 

The parameters of eight typical collimators designed for maximum efficiency 
consistent with the stated geometric resolution and maximum gamma-ray energy 
are given in Table I. The material is lead, and all have hexagonal arrays of round 
holes. 

The calculated overall sensitivity in terms of dots/minute/yc takes into ac- 
count the abundance factors of the principle gamma rays. The contribution of 
the high-energy components of I'*! was not included. 


The parameters of a ninth collimator, designated as “A”, are also included. 
This collimator was constructed before the formulas were derived, and has 
parameters that are slightly less than optimum, though its characteristics are 
similar to those of collimator No. 6. Collimator “A” has a nominal maximum 
gamma-ray energy of 0.36 MeV. It was used for all the liver, kidney, and thyroid- 
area examples that follow. 


A collimator identical to No. 3 has also been constructed and tested in 
clinical use. It was designed for a maximum gamma-ray energy of 0.28 MeV 
and was used to take the brain pictures in the examples that follow. It was not 
used for the kidney pictures because collimator “A” has greater depth of focus 
and gives better results in this application. Collimator “A” was made by tech- 
nique (b) above, and No. 3 was made by technique (a). Both have about 1,100 
holes in an 11-inch diameter area. 
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A collimator designed for gamma rays less than 0.20 MeV has been made 
by technique (f) above. It has a rectangular array of 4000 square holes 0.11 
inch wide by 1 inch long. In clinical use, it has produced pictures of brain tumors 
with exposures as short as 10 seconds when 2.5 Mc to Tc®®*™ was administered in 
the form of pertechnitate (19). Preliminary results obtained with this tracer 
compound will be presented in a later report (20). 

Calculations indicate that higher sensitivity can be achieved if the colli- 
mators are made of tungsten alloy. The improvement results from having thinner 
septa and therefore more holes of the same diameter per unit area. The increase 
in sensitivity varies from 21 per cent for collimators designed for 0.28 MeV max- 
imum to 30 per cent for those designed for 0.41 MeV. 


PERFORMANCE OF COLLIMATORS 


Since no material is completely opaque to gamma rays, the performance of 
the collimators is not exactly as predicted. The measured dots/minute/microcurie 
of radionuclide obtained from the existing collimators is larger than the calcu- 
lated values at the higher gamma-ray energies. The increased count is caused 
by (a) gamma rays that travel through collimator material near the ends of the 
holes, (b) small-angle scattering of gamma rays by the channel walls, and (c) 
septal penetration. With some nuclides, part of the excess is caused by high- 
energy components in the gamma-ray spectra that produce Compton events 
in the crystal. 

When collimator “A” is used with I'*!, about 85 per cent more than the 
theoretical number of counts are detected. Calculations indicate that about % of 
the excess is due to reason (a) above. This calculation was made by assuming 
that the effective length of the collimator is equal to its geometric length less 
twice the mean free path of the gamma ray in the collimator material (16). 
Probably only a small amount of the excess is due to reason (b) (16). The rest 
is presumably due to (c). When Hg”®* is used with the “A” collimator, the excess 
count is about 25 per cent, nearly all of which is caused by reason (a). Colli- 
mator No. 3 at its nominal maximum gamma-ray energy of 0.28 MeV gives an 
excess count of 35 per cent. Over % of the excess in this case is calculated to 
be due to reason (a). 

Although there is apparently a large amount of septal penetration at the 
higher gamma-ray energies, its effects are not normally visible in clinical pic- 
tures. The effect has been seen with the “A” collimator when small hot areas, 
such as the thyroid gland, are greatly overexposed. Then the “starfish” effect 
seen in focused collimators is visible (17). 

Septal penetration can of course be reduced by making the collimators of 
tungsten alloy. Calculations indicate that for most collimators the number of 
gamma rays taking the path pr in Figure 3 would be % as great with the denser 
material if the dimensions in Table I are not changed. 

In the derivation of Eqs. (1) through (4), it was assumed that the colli- 
mator moved during the exposure time to provide a smooth distribution of 
gamma rays at the scintillator. This technique has not been used in taking pic- 
tures, however. The “collimator pattern” produced by stationary collimators is 





Fig. 5. Pictures of brain lesion taken with Hg*’ Neohydrin showing (A) left lateral view, 
(B) back view, and (C) frontal view. The six images of each view were obtained 
simultaneously in a 5-minuie exposure. A prominent lesion and two marker sources 
are shown in each view, as well as an outline of the head due to body background. 
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isible occasionally when small sources are imaged. With subjects larger than 
e thyroid gland, the effect has not been visible with the existing collimators. 

Up to this point, only the theoretical geometric resolution of the collimator 

1s been discussed. The overall resolution of the scintillation camera depends 

n the following factors: (a) the actual resolution of the gamma-ray image pro- 

cted by the collimator, (b) the translation of this image into a light image by 

ihe scintillator, and (c) the reproduction of the scintillator image on the oscillo- 
scope and the subsequent photographic image. The resolution lost in step (b) 


Fig. 6. (A) Picture of adult liver taken after administration of 250 microcuries of I’ rose 
bengal. Exposure time was 10 minutes. 
(B) A 5-minute exposure of adult liver after administration of 200 microcuries of rose 


bengal. A defect is visible at upper left. 
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has been calculated to be very small for 4-inch-thick sodium iodide (10). Some 
resolution is lost in step (c), but the amount is not large for gamma rays wit): 
more than 0.15 MeV (1). The major factor that determines the overall resolu- 
tion of the scintillation camera is the performance of the particular collimator 
used. 

A demonstration of the overall resolution is shown in Figure 4A. Five point 
sources of Ba!** were placed 1 inch from the “A” collimator and on the axis of 
certain holes shown in Figure 4B. An enlargement of the central portion of the 
resulting picture shows the resolution obtained. Gamma rays traveling through 
adjacent holes produced adjacent white areas on the picture, while those sepa- 
rated by a blank hole in the collimator produced clearly separated spots. 


CLINICAL PICTURES 


The following examples of clinical pictures were taken with the scintillation 
camera and two of the parallel-channel collimators. 

Three views of an adult patient with a brain lesion are shown in Figure 5. 
The pictures, showing (A) left lateral, (B) back and (C) frontal views, were 
taken 4 hours after the administration of 700 microcuries of Hg*®* Neohydrin. 
The lesion is clearly visible in (A) and (B), and is less clearly visible in (C). 
The exposure time was 5 minutes with the No. 3 collimator for each of the three 
views. Marker sources of Ba'** were placed at the corner of the eye and the 
lower margin of the ear lobe in the lateral view, and at the ear canals in the 
frontal and back views. The six images with graded density were obtained simul- 
taneously with a six-lens oscilloscope camera (2, 18). 

A picture of an apparently normal adult liver, taken with the “A” colli- 
mator, is shown in Figure 6A. It was taken 2 hours after the administration of 
250 microeuries of I'*! rose bengal. The exposure time was 10 minutes. The gall 
bladder is shown at the center, and bowel loops are shown at the lower right. In 
Figure 6B, the liver of another patient shows an apparent defect at the upper 
left. The exposure time in this example was 5 minutes, and the dose was 200 
microcuries. 

Multichannel collimators are used with the scintillation camera to take neck 
survey pictures of thyroid patients. The purpose is to show all active thyroid 
tissue within a 9- to 10-inch-diameter circle. Following the survey, a_high- 
resolution close-up picture of the thyroid gland is taken with a triple-aperture 
pinhole collimator (2). Pictures of the neck area of two patients, taken 24 hours 
after the ingestion of 50 microcuries of I'*!, are shown in Figure 7A and B. 
The three graded-density images in each example were obtained with a three- 
lens oscilloscope camera. Exposure time was 5 minutes with the “A” collimator. 
A short extension of the upper part of the right lobe is visible in Figure 7A, 
but otherwise the pictures show that the area around the thyroid is clear of 
radioactive lymph nodes and substernal and thyroglossal extensions. 

A 10-minute exposure of a thyroid phantom containing 5.9 microcuries of 
mock I'*! is shown in Figure 7C. A suggestion of two cold nodules can be seen. 
These nodules are very clearly outlined in a 10-minute triple-aperture picture 
of the same phantom shown in an earlier publication (2). 





Fig. 7. (A and B) Views of human thyroid and thyroid area. This type of survey shows 
any abnormal uptake of radioiodine in a 9-10 inch diameter area. The three images 
with graded density were obtained in a single 5-minute exposure. 

(C) Ten-minute exposure of thyroid phantom containing 5.9 microcuries of mock 


re. 
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Pictures of human kidneys taken with collimator “A” are shown in Figure 8. 
All these examples were taken from the back with the patient lying face down. 
The first two show a normal subject with an estimated 50 microcuries of Hg? 
Neohydrin in the kidneys. The exposure times were 10 and 2 minutes respec- 
tively. Part of the liver appears to the right in each of the examples. The picture 
shown in Figure 8C was taken 20 minutes after the intravenous injection of 200 
microcuries of I'*! hippuran. In this 5-minute exposure, the hippuran is shown 
to be in the renal pelvis of both kidneys. The patient had bilateral kidney dis- 
ease, resulting in a slow clearing time. The high body background is due to 
hippuran that had not been cleared from the blood. The two small spots be- 
tween the kidneys are radioactive marker sources at the eleventh thoracic and 
second lumbar vertebrae. 


Two sequences from a time-lapse motion picture of a patient with stenosis 
of the left renal artery are shown in Fig. 9A. Two hundred microcuries of 
I's! hippuran were given intravenously, and pictures were taken at the rate of 
two frames per minute with the “A” collimator. Though the degree of stenosis 
was mild, some delay in the filling of the left kidney is apparent, as well as a 
reduction in the peak uptake. 

The time-lapse sequence in Figure 9B shows I'*! rose bengal in the liver 
and intestine of a 3-month old girl. She had previous surgery for biliary atresia 
in which a fistula was created between the liver and duodenum. Later she had 
recurrent fever and jaundice, and it was thought the fistula may have closed. 
The time-lapse pictures show patency of the surgically created duct, since rose 
bengal is shown moving about in the intestine 1 hour after administration. The 
tracer dose was 50 microcuries, and pictures were taken at the rate of one frame 
every 2 minutes with the “A” collimator. 


CONCLUSION 


The sensitivity of the scintillation camera when it is used with multichannel 
collimators is appreciably higher than focused-collimator mechanical scanners. 
The resulting greater speed with which pictures can be taken is a decided ad- 
vantage in clinical situations. A number of different views can be taken if de- 
sired, and the examination can still be completed in a relatively short time. 
Alternatively, the amount of radioactive tracer can be reduced to minimize the 
radiation dose to the patient. 


The scintillation camera has the further advantage that it is continuously 
sensitive to all parts of the subject within its field of view. Tracer compounds 
with short effective half-times can be used without the distortion inherent in 
scanners. Because of this and the high sensitivity, rapid sequences of still pic- 
tures or time-lapse movies can be taken to show the function of an organ. 
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Fig. 8. A and B Pictures of normal human kidneys taken with Hg** Neohydrin. Exposure 
times were 10 and 2 minutes. 
(C) Renal pelvis of diseased kidney shown in a 5-minute exposure 20 minutes after 
administration of 200 microcuries of I hippuran. 





A B 
Fig. 9. (A) Time lapse sequence showing I hippuran going through human kidneys. Ex- 


posure time was 30 seconds per picture. 
(B) Time lapse sequence showing excretion of I’ rose bengal from liver of girl. 


Exposure time was 2 minutes per picture (2). 
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The Metabolism of Ortho-I'’ Iodobenzoic Acid. 
I. Its Use As a Possible Liver Function Test’” 
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Los Angeles, California and Punjab, India 


INTRODUCTION 


The object of this preliminary study was to develop a test for liver function 
based on the conjugation of I'*! labeled iodobenzoic acid to form I'*1 iodohip- 
puric acid and other metabolites and to measure their urinary excretion. 


Benzoic acid is detoxicated in man by forming hippuric acid and benzoyl 
glucuronide and analogously I'*! labeled ortho-iodobenzoic acid forms the similar 
corresponding metabolites. 


It was reported by Zieve and Hanson (1) that in man, benzoyl glucuronide 
appeared in the urine only after large doses of benzoate or when liver disease 
was present. Snapper and co-workers (2) had shown that in liver disease, de- 
creased amounts of hippuric acid and increased amounts of benzoyl glucuronide 
were formed. In a group of 15 patients with liver disease, the recovered hip- 
puric acid in 2 hours was equivalent to about % of the dose of 1.77 gms sodium 
benzoate given intravenously, this being 15 per cent less than the amount re- 
covered in a similar period from normal adults (3). 


Quick (4) based his test on the conjungation of sodium benzoate and re- 
ported that hepatic involvement resulted in a lower than normal excretion of 
hippuric acid. 


The degree of conjugation with glycine and/or glucuronic acid varies with 
the particular isomer, i.e. ortho, meta or para (5) (6); ortho-halogen substi- 
tuted acids being least conjugated with glycine, meta more and para most 
whereas the conjungation with glucuronic acid is in the reverse order, namely, 


‘From Radioisotope Research, Veterans Administration Center, Los Angeles, California 
90073, and Departments of Radiology and Medicine, UCLA Center for the Health Sciences, 
Los Angeles, California 90024. 

*This investigation supported in part by Public Health Service Research Grant AM-06636- 
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he ortho-halogenated acid most, meta less and para least. Therefore, the ortho- 
iodobenzoic acid labeled with I'*' was chosen for this preliminary study on 
the basis that if it were the most difficult to conjugate, then it might prove to be 
. more definitive test agent for liver function. Important in the excretion of the 
odohippuric acid is the participation of the renal tubule in the transportation of 
these conjugates. In view of the small amount of sodium iodobenzoate used in our 
investigations, a slight impairment of kidney function should not prevent the 
total excretion of the metabolites (7). 


MATERIALS AND METHODS 


In the present study the I'*! labeled ortho-iodobenzoic acid was used and 
this was prepared by exchange from NaI"! and unlabeled ortho-iodobenzoic 
acid (8). The specific activities obtained were variable but high and somewhat 
determined by the ratio of mM of acid used and the mc I'*!. Typical prepara- 
tions had specific activities up to 132 »c/mg. When freshly prepared and tested 
by descending chromatography using Whatman No. 1 paper and a solvent con- 
sisting of normal butanol:acetic acid:water 4:1:1 (9), showed an average Rf 
value of 0.93 for the I'*! ortho-iodobenzoic acid, and an Rf of 0.16 to 0.18 for 
radiviodide. By quantitation of the radioiodide areas it was found that these con- 
stituted about 2 per cent of the total radioactivity but this was reduced drasti- 
cally as described below. 


For studies reported, a standard dose of 10 mg ortho-iodobenzoic acid as the 


sodium salt containing 25 uc I'*! labeled acid, hereinafter referred to as OI*BA, 
was adopted. It was found most expeditieus to prepare 2 solutions, one of the 
carrier, and the other, the OI*BA. The carrier solution was prepared by disolv- 
ing 100 mgs. OIBA in sufficient N NaOH solution, adjusting to pH 7.2 to 7.4 
with N HCl, adding sterile normal saline to 10 ml, filtering through a medium- 
porosity fritted glass filter into a pyrogen-free serum vial and sterilizing by heat- 
ing in boiling water for 1 hour. 


A sufficient quantity of the labeled acid to yield a solution of high specific 
activity, i.e. 150 to 200 »c/ml was made similarly but sterilized by filtration 
through a Millipore Filter Type HA, pore size 0.454 and the Microfiber Glass 
Prefilter Discs in a Swinny Adapter XX30-012-00.1 The sterilized solution was 
transferred to a sterile serum vial containing a “silver impregnated porcelain 
saddle” used to remove radioiodide. This treatment was used to reduce and 
maintain the radioiodide content of the OI*BA solutions at a level of 1/100 
of the original solution. The solutions of the OI*BA and the unlabeled OIBA 
were tested for sterility. The dose solution was. prepared by mixing the requisite 
quantities of OI*BA and carrier OIBA solution in a sterile vial so as to provide 
25 we in 10 mg in a volume of about 1 ml. 


The dose of 10 mg represents less than 1/6000 of the LD-50 mouse dose as 
determined by the authors (8). 


*Millipore Filter Corp., Bedford, Mass. 
*These “saddles” were generously supplied by Volk Radiochemical Co., Skokie, Ill. 
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TEST PROCEDURE 


The following protocols were devised for the collection and fractionation of 
the urine. The patient protocol was as follows: (a) just prior to the injection of 
the OI*BA, the patient was given 2 glasses of water to insure adequate urine 
flow; (b) 10 mg OI*BA with a specific activity of 25 yc was injected into the 
antecubital vein; (c) all the urine voided during the first hour, the 2nd hour, 
the 3rd and 4th hours combined, and the 5th to 24th hours were collected as 
separate fractions. One ml aliquots of each collection were counted and the total 
excretion of activity during that period was calculated. 


EXTRACTION PROCEDURE 


Aliquots from each collection period were analyzed qualitatively and quan- 
titatively by extracting a volume of 10 to 50 ml containing about 1 million counts. 
The urine was acidified with 3N HCl, 1 ml 10 per cent sodium tungstate solu- 
tion added and extracted in a liquid/liquid extractor with 150 ml of ether for six 
hours (5), (10). The extracted urine was reserved for further isoamyl alcohol 
extraction. 

The ether extract was extracted in a separatory funnel with 10 ml 1 per 
cent NaHCO, solution which removed the free and conjugated acids, and radio- 
iodide quantitatively. The ether was then discarded. 

The NaHCO, extract was acidified to pH 2 with N HCl and extracted with 
25 ml of toluene which quantitatively separated the free or unconjugated acid. 
This was in turn extracted from the toluene with 3 ml 1 per cent Na HCO, 
solution, an aliquot counted, the NaHCO, extract evaporated to 0.5 to 1 ml, an 
aliquot of 5 to 25 yl chromatographed, radioautographed and quantitated by cut- 
ting out the spots and counting in a scintillation counter. 

The previously acidified and toluene-extracted NaHCO, solution contain- 
ing the conjugated acid, several other uncharacterized metabolites and free 
radioiodide was then neutralized and evaporated to a small definite volume, 
e.g. 2 to 3 ml. A small aliquot was counted and 5 to 25 ,»l chromatographed, 
radioautographed and quantitated. 

The previously extracted urine which contained up to as much as 50 per cent 
of the original activity was then extracted successively with 4 or 5, 20 ml por- 
tions or isoamyl alcohol which removed the residual activity consisting of the 
radioiodide and some uncharacterized metabolites. The urine was then dis- 
carded. 

The combined isoamyl] alcohol extracts were then extracted with 5 ml of 1 
per cent NaHCO, solution, concentrated to 1 to 2 ml, 10 to 25 yl chromato- 
graphed, radioautographed and quantitated. 

The quantities of unconjugated OI*BA and each of the specific metabolites 
excreted during any time period was the sum of the quantities found in all of 
the fractions and was calculated as a percentage of the injected dose. A simpli- 
fied summary of the extraction procedure is shown in Figure 1. 

An attempt was made to measure the removal of OI*BA from the blood 
as a function of the conjugation and excretion of the test agent in a patient with 
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10 known liver pathology. A dose of 25uc in 0.72 mg OI*BA was injected ante- 
-ubitally and external monitoring performed over the side of the head and 
imultaneously monitoring the liver. At the same time radioisotope renography 
vas attempted using dual probes over the kidneys. Readings were taken for 1 
our with all 3 probes. The results are reported below. 


RESULTS AND CONCLUSIONS 


The processes of conjugation and excretion were too slow to permit measure- 
nent of the removal from the blood by external monitoring. The head count 
decreased slightly for the first hour while the liver indicated a concomitant rise 
showing only a slight removal. 

The radioisotope renograms were abnormal in form and although they were 
similar bilaterally, the right curve indicated higher activity ostensibly the result 
of liver accumulation. 

Samples of each of the collections of urine were counted for the excretion 
of total radioactivity and fractionated according to the method described to 
characterize the conjugates and metabolites formed. 

The following abbreviations are used hereinafter: OI*BA for ortho-I'*! 
iodobenzoic acid; OI*HA for ortho-I'*! iodohippuric acid and OI* BG for ortho- 
I'8! jodobenzoyl glucuronide. 

In Table I are shown the results obtained by extraction of the urines of 8 
controls, 11 patients with clinical diagnoses of liver cirrhosis and 2 patients with 
diagnoses of hepatitis. 

Qualitatively the same metabolites were found in all urines except that no 
OI*HA was detected in the urine of one of the cirrhotic patients. Another 


EXTRACTION PROCEDURE 


URINE , PRECIPITATED WITH H WO,., EXTRACTED WITH ETHER 


2 


fom ETHER EXTRACT=FREE + CONJUGATED ACIDS + 17 


fm TOLUENE SOLUBLE FRACTION = FREE ACIDS 





ETHER RESIOUE = CONJUGATED ACIDS + 
UNKNOWN METABOLITES 


p—— ISOAMYL ALCOHOL EXTRACT = UNKNOWN METABOLITES AND I- 





L—_ RESIDUAL URINE = UNEXTRACTABLE ACTIVITY, MAINLY !ODIDE 


Fig. 1. The subjects in this preliminary study consisted of 8 patients with no liver pathology 
hereinafter referred to as “controls”, 11 patients with clinical and laboratory findings 
compatible with Laennec’s cirrhosis and 2 patients with acute toxic or infectious 
hepatitis. 
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metabolite with an Rf of 0.71 to 0.73 was found in the urines of control and 
cirrhotic patients but not in the urine of hepatitic patients. 

Although only two hepatitic patients were studied, the results are included 
for comparative purposes. 

Referring to Table I, it is seen that the 2 hepatitics excreted more total radio- 
activity in all time periods than the cirrhotics and controls and that the range 
was definitely higher despite some overlap. This is partially due to somewhat 
greater excretion of I'*! iodobenzoyl glucuronide, partially due to OI* HA, and to 
a lesser degree to 2 unknown metabolites having Rf values of 0.57 to 0.59 and 
0.33 to 0.40 which occurred in relatively small amounts. 

Referring to the excretion of unchanged OI*BA, it is seen that the cirrhotics 
and hepatitics excrete the OI*BA at a slightly higher rate and in slightly greater 
total amount than the controls do, in the first 4 hours. This might be expected 
since the damaged liver would be unable to conjugate the OI*BA. However, be- 
tween 5 and 24 hours the rate of excretion of the controls is 1.5 times that of 
the cirrhotics and 3 times that of the hepatitics and the total excretion is about 4 
higher than the others. This is discussed later. 

Referring to the excretion of OI*HA, it is seen that the hepatitics excrete 
this at 4 times the rate of the controls and 2 times that of the cirrhotics during 
the first 4 hours and that the total quantities are 4 times that of the controls and 
3 times that of the cirrhotics. In the 5 to 24 hour period, the rate of the hepatitics 
drops to zero while that for the others continues at a low value and the total 
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quantity in 24 hours is 2 times that of the controls and 1.5 times that of the 
cirrhotics. In other words, the hepatitics produced all of their OI°HA during 
the first 4 hours. The average rates of excretion of OI*HA are shown in 
Figure 2. 

Referring to the production of the metabolite I'*! iodobenzoyl glucuronide, 
OI*BG, the cirrhotics and hepatitics produced this at a rate 3 to 4 times that 
of the controls during the first 4 hours and the total quantities are similar multi- 
ples whereas in the 5th to 24th hours, the rate for the controls is slightly greater 
than that of the cirrhotics and about twice as high as the average for the 
hepatitics. The total quantity, however, produced by the controls is about % 
that of the cirrhotics and hepatitics. In the controls, cirrhotics and hepatitics, the 
total quantities of OI* BG formed in 24 hours was 5 to 6 times that of the OI*HA, 
suggesting that the major pathway for the detoxication was via the formation of 
the glucuronide. The average rates of excretion of OI*BG are shown in Figure 3. 


In addition to these major metabolites, there were several others identified 
only by chromatography and radioautography whose significance and composi- 
tion are unknown except that they contain I'*1. 


One group of metabolites had Rf values of 0.33 to 0.40 which were similar 
to the Rf values of sulfur-containing amino acids in combination with OI*BA 
which we prepared. These compounds occurred in quantities which were ca. '% 
to Yo that of OI*HA and even smaller fractions of the quantities of the OI* BG. 
The total excretion in 24 hours in the controls was % that of the cirrhotics and 
4 that of the hepatitics. 
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One metabolite, Rf 0.57-0.59 occurred in almost all urines, and was greatest 

1 the hepatitic urines. The quantities excreted were several times as great as 
1*HA and almost as large as the OI*BG. Its composition and significance are 
nknown. 

Other compounds with Rf values of ca. 0.28, 0.46 occurred in small quanti- 
‘ies but were not found in any of the hepatitic urines. A metabolite with an Rf 

{ 0.71 to 0.73 occurred in larger quantities in the urines of the controls than in 
irrhotics at all times. 

The composition and significance of these metabolites are unknown at 
present. 

Radioiodide was released or formed in only small percentages of the dose 
as Shown in Table I, and was found to be about 3 times greater in the cirrhotics 
and 6 times greater in the hepatitics than in the controls, as if the OI*BA or its 
metabolites were deiodinated to a greater degree in the pathological livers. 

In one control, the effect of an added standard dose of 1.77 grams of sodium 
benzoate, used in the Quick test (7), on the excretion of total urinary activity 
was investigated. The first test dose consisted of 2.6 mgs OI*BA with an activity 
of 26 we and the second dose of 18.6 mgs OI*BA with an activity of 25 ue plus 
the sodium benzoate. Whereas the percentages of the dose excreted as total 
radioactivity in the 1st and 4th hours were similar in both tests, 76 per cent of 
the dose as total radioactivity was eliminated in the 5th to 24th hours with 
the dose of sodium benzoate compared to 54 per cent excretion of the OI*BA 
alone representing a 40 per cent increase. 


DISCUSSION 


Using ortho-I'*! iodobenzoic acid and separating the metabolites by our 
procedure, we have been able to isolate measurable quantities of ortho-I'*! 
iodohippuric acid from the urines. Quick (5) had previously reported that 
“there was little or no conjugation of glycine with ortho-substituted benzoic 
acids.” It is significant to note that the pathological livers produced more of 
the glycine conjugate, OI* HA, than the liver of the controls, which is contrary to 
expectations. However the major metabolite was not OI*HA but the glu- 
curonide OI*BG which was found in several times the quantities of OI*HA at 
all time periods in the controls and patients with the highest OI*BG/OI*HA 
ratios in the cirrhotics. 

This is in general argreement with previous reports in the literature. Borg- 
strom (11) reported that liver disease caused an increase in benzoyl glucuronide 
excretion after benzoic acid administration and that this synthesis was disturbed 
later than the hippuric acid synthesis in disease. Snapper and Saltzman (2) 
found no glucuronide in the urines of normals after 5 gm doses of benzoic acid 
but found considerable amounts in the urine of patients with impaired liver 
function. 

Despite the use of only 10 mgs of OI*BA used in our study compared to 
the 1.77 gms of benzoic acid used in the standard Quick test (7), significant 
amounts of the unchanged OI*BA were isolated from the urines and more in 
the 24 hour period in the urine of normals than in the cirrhotics and hepatitics. 
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This is contrary to expectations, namely that the conjugative function of normal 
liver should be greater and therefore less unchanged acid should be excreted. 

Regarding the metabolites with Rf values of 0.33 to 0.40, presently pre- 
sumed to be combinations of OI*BA and the sulfur-containing amino acids 
cysteine, methionine and glutathione, these have not been reported previously 
and their significance in normals and liver disease is unknown. They may indi- 
cate the existence and actions of enzyme systems of importance. The occurrence 
of these compounds in very much larger quantities in the hepatitic and cirrhotic 
urines may be significant. 

In the case of the control who received the sodium benzoate in addition to 
the OI*BA, one interpretation of the findings may be that the liver was forced 
» utilize its reserve function (7) and therefore conjugated and excreted more 
of the injected OI*BA under these conditions. The standard Quick test (7) 
which measures the conjugation of benzoic acid was done also on the first hour 
urine and showed this patient to be on the low side of the normal range, cor- 
roborating the low normal value of excreted radioactivity. 

The test using OI*BA may be adjunctive to other tests for liver pathology. 
Since OI*BA is more difficult to conjugate than benzoic acid it may test the 
liver function as well as the larger quantities of benzoic acid. Due to the small 
quantity used, it is unlikely that the excretion of metabolites would be affected 
by even a moderate impairment of kidney function, although this has not been 
specifically demonstrated. The OI*BA test is not affected by ingested benzoic 
acid in the diet and can be applied to patients on low sodium diets. 


SUMMARY 


The characterization and quantitation of the excretion of the metabolites of 
ortho-I'*! iodobenzoic acid may possibly serve as a basis for the development 
of a new diagnostic test for liver function. 

Methods for the preparation and determination of purity of the test agent, 
the performance of the test and the quantitation are described. 

The conjugation and excretion were too slow to permit measurement of the 
removal from the blood by external monitoring over the side of the head. Simi- 
larly it was not possible to perform the customary renographic study in situ 
over the kidneys. 

Results of the test in 8 controls, 11 patients with clinical diagnoses of liver 
cirrhosis and 2 patients with diagnoses of hepatitis indicate qualitative and 
quantitative differences in the excretion of total radioactivity, unchanged OI*BA, 
OI*HA, OI*BG and other metabolites. 

Methods of analysis were devised which indicated several radioactive 
metabolites not reported heretofore. These may indicate enzyme systems which 
have some significance in pathological states. 

Our studies indicate that cirrhotics and hepatitics produce more OI*HA 
and OI*BG than the controls do in all time periods tested. 

These studies indicate that the major pathway for the detoxication of OI*BA 
is the formation of iodobenzoyl glucuronide and not iodohippuric acid. 
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A Preliminary Evaluation of F'-Labeled Tetrafluoroborate 
As A Scanning Agent For Intracranial Tumors’ 


W. Entzian,” S. Aronow,* A. H. Soloway,’ W. H. Sweet* 
Boston, Massachusetts and Bonn, Germany 


Radioisotopic localization of intracranial space-occupying lesions has become 
a standard diagnostic procedure in many neurosurgical centers, utilized routinely 
in patients with suspicion of tumor or other focal intracranial lesion (1). Coinci- 
dence detection of the annihilation radiation from positron-emission has distinct 
advantages in comparison with simple gamma-emitting isotopes for the recording 
of such lesions (2). Of those positron-emitting isotopes which have been evalu- 
ated in man, Arsenic-72 and -74 as sodium arsenate have been the isotopes of 
choice (3) from a localization standpoint. However, the long half-life of As**, 17.5 
days, and the fact that it is cyclotron-produced are major disadvantages. Copper- 
64 chelates have been used to circumvent these two drawbacks of As‘ (4). 
With the development of camera-type imaging devices (5,6), new opportuni- 
ties for high-speed external visualization of isotopic concentrations and dynamic 
processes are presented. Under such conditions isotopes with half-lives shorter 
than 12.8 hour Cu® have distinct utility. 

The work of Anbar et al in producing (7) and utilizing (8,9) Fluorine-18, 
as a scanning agent, is of great significance in this recent development. F'® 
is a pure positron-emitter with a 112 minute half-life. Large single doses may 
be administered for the rapid localization of lesions and repeated tests performed 
within short time intervals. The whole body dose to the patient receiving the 
suggested amount of 1 mc of F'* is 0.05 rads compared with 0.42 rads for the 
usual dose of 3.0 mc of Cu® and 1.8 rads for the diagnostic dose of 1.3 mc of As". 

The present work is a series of studies with animals and with human pa- 
tients using potassium fluoroborate labeled with F1*. It corroborates the excellent 
work of Askenasy et. al. (10) in the localization of intracranial lesions using the 
BF,!* anion. The physical advantages of F'* and the possibility of labelling 
organic compounds, by the second stage reaction described below, suggest the 
potential utility of such materials as tumor-localizing agents. 


‘This work was supported in part by grants from the U.S. Atomic Energy Commission 
[AT (30-1) 1242] the U.S.P.H.S. [C-3174], and the John A. Hartford Foundation. 
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Klinik Bonn, Germany. 
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METHODS 


F'8 was prepared at the Massachusetts Institute of Technology reactor by the 
irradiation of lithium carbonate in the following sequential reaction: 


Li® (n,«) H®; O18 (H3, n) F'8 


The standard procedure used in the preparation of KBF,!® consisted of the 
irradiation of 3.0 g of unenriched Li,CO, at a flux of 2 x 10 n/cm?/ sec for 
a period of 7.5 hours, until saturation was achieved. The total yield was 35 mc 
of F!8, The lithium carbonate was dissolved in 13.5 ml of 6N hydrochloric acid 
and in this mixture was dissolved 113 mg of stable KBF,. The potassium 
fluoroborate was crystallized in an ice bath, filtered, washed with 2 ml of 
ice water and recrystallized two more times. The crystallization also removed 
tritium produced in the reaction. The total F!* activity at the time of biological 
studies was about 6 mc with a specific activity of 130 pc F'8/mg KBF,. For its 


TABLE I 


RADIOISOTOPIC UPTAKE IN MICE PER UNIT 
WEIGHT OF TISSUE! 





Interval after intravenous 
injection 15 minutes 30 minutes 60 minutes 





| 
Compounds BF, | +” BF F- BFy- F- 





Number of animals 
in group 17 





% per Kg normalized 
to 70 Kg 





Ratio, Tumor: Brain 








Ratio, Tissue: Blood 
Blood 
Brain 
Tumor 
Skull 
Muscle 
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Thyroid 
Kidney 
Liver 
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‘Values are averages for the animals in each group. 
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use in man the compound was dissolved in 10 ml of isotonic pyrogen-free saline 
at the physiological pH. 

In preparing the fluoride ion, the acidified solution of Li,CO, was passed 
through a cation exchange column! to remove not only lithium but also the 
sodium-24 arising from the activation of trace amounts of sodium present in 
analytical grade Li,CO,. In this manner 90-95% of F'* produced was recovered 
in the eluant. 

Toxicity studies with fluoroborate ion were carried out in white Swiss albino 
mice and in rabbits. Tissue distribution of BF,'* and F!* ions were examined 
utilizing C,H mice bearing subcutaneously implanted tumors which were orig- 
inally ependymomas. Tissue studies were also performed in cats. 

A limited series of scans using the mechanical brain scanner previously 
described (1,2) was performed with KBF,!* on 10 patients who were tumor 
suspects. The administered dose in each case was 1 to 3 millicuries. The scans 
were performed at short time intervals after the intravenous injection. 

In a number of these patients blood samples were collected at intervals after 
injection to determine blood clearance as a function of time. In another patient 
a series of blood samples was taken and urine samples collected to determine 
the blood clearance and excretion curves. 


RESULTS 
1. Toxicity. 

In the toxicity studies, mice received intravenously 300 mg/kg and rabbits 
120 mg/kg of KBF, without any apparent acute toxic symptoms. The animals 


Dowex 50. 
TABLE I] 


FLUOROBORATE CONCENTRATION PER UNIT WT. OF TISSUE IN Cats! 





Ratios to Blood Ratios to Brain 





Blood 1 27 
Brain d 1 
Skull 
Muscle 
Scalp 
Lung 
Kidney 
Heart 
Skin 
Liver 
Intestines 
Adrenals 
Pancreas 
Fat 


penn wnarn 





1Values are averages for four animals sacrificed 30 minutes after injection. 
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vere kept alive over a period of six weeks without sequelae. These tests were 
arried out with a solution neutralized to pH 7, for at a pH range of 1 to 
; large volumes of KBF, are extremely toxic. Doses of the order of 5-6 mg/kg 
i neutral KBF, were injected into terminal glioblastoma patients with no adverse 
‘fects. 

The chemical amounts needed for routine patient scanning were less than 
0.5 mg/kg and from the above data no problems of pharmacological toxicity 
were expected or observed in the patient study. 

2. Mouse tissue studies. 

The isotopic uptake in the organs of the mice bearing subcutaneously 
transplanted tumors is shown in Table I. Six groups of animals were used, 
three receiving labeled fluoroborate ion and three groups receiving F'*. Sacri- 
fice times were 15, 30 and 60 minutes after injection. 

The tissue concentrations are presented in three different ways. Line 
A shows the average blood uptake for each group of animals as percent of total 
injected dose per kilogram of tissue normalized to total animal weight of 70 
kg.! This normalization is the standard compromise used for comparative tissue 
studies between individuals and species. The mouse values are somewhat lower 
than the human data shown in Figure 2, but still sufficiently similar to show a 
probable common metabolic mode. 

Line B gives the tumor to brain uptake ratio. For fluoroborate ion this ratio 
was approximately 10 throughout the time interval 15 to 60 minutes, and indi- 
cating that fluoroborate ion might be a useful scanning agent. 


Total wt in kg 





Tissue Concentration (Normalized) = Concentration (Observed) x 
70 


Be te 


1A 
Coincidence Scan Showing Unbalance Scan Curved Marks 
Posterior-Parietal Concentration Indicate Right Concentration 


Fig. 1. KBF,** Scan of Patient with Glioblastoma Multiforme 
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Section C presents the ratios of the uptake in other tissues to that in 
blood. These results are reasonably consistent averages since the standard devia- 
tion did not exceed 25 per cent. The greatest percentage uptake of the fluoro- 
borate was in blood and the least in brain, while in other tissues and in tumor 
the distribution was nearly the same, with no organ having an exceptionally high 
level. 

During this time interval fluoride ion showed a high concentration in blood 
compared to all other tissues studied except bone. The level in skull was about 
6 times the blood level at 15 minutes and 12 times at 60 minutes. This high con- 
centration of fluoride ion in bone militated against its use as a brain scanning 
agent, since the heavy concentration in the skull would mask any variations in 
the underlying brain. 

A similar tabulation of the average values of the tissue uptakes of KBF,'* 
in four cats sacrificed 30 minutes after injection is given in Table II. These 
values agree reasonably well with the mouse data in that the fluoroborate ion 
did not concentrate specifically in any particular organ. 

3. Human patient studies. 

A typical scan of one of the patients is shown in Figure 1. A clearly 
defined parietal concentration is indicated in the coincidence scan in 1 a. Figure 
1 b, the unbalance scar, shows a concentration of curved marks indicating that 
the activity was on the right side. At operation a glioblastoma multiforme was 
found at the location indicated in the scan. 

The data on the 10 patients scanned are summarized in Table III. The 
range of ages was from 6 to 72 years and included a series of neoplasms as 
well as one case of benign intracranial hypertension (pseudotumor ). All of these 
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Fig. 2. Blood Clearance Study 
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patients were also scanned with arsenic or copper within a tew days before 
or after the fluorine scan. The fluorine scan evaluations are indicated in the 
table with comments comparing the results obtained with the other tracers. 

The blood clearance curve for the one patient (J.V.) from whom multiple 

amples were obtained, as well as 12 samples from 7 other patients, are plotted 

in Figure 2. There is a high degree of randomness in the data indicating that 
ihe absorption and excretion processes are highly individual. Using the data 
ior J.V., the clearance curve seems to have two distinguishable time constants, 
« fast component with half time of about 15 minutes and a slow one with half 
time of 290 minutes. The rough agreement of the data of the other patients 
with J.V.’s curve indicates that this is reasonably normal. 

Figure 3 is the cumulative urinary excretion curve for patient J.V. In the 
first few hours after injection the curve corresponds to an exponential excretion 
with half time of about 470 minutes. The rate becomes slower at longer times, 
but is difficult to evaluate numerically due to the short half life of F*. 


DISCUSSION 


The animal tissue studies showed a high tumor:brain uptake ratio for 
fluoroborate ion, no unusually large concentration in any specific organ and no 


TABLE III 


PATIENTS SCANNED WITH F!8-TETRAFLUOROBORATE ANION 





Patient Age Diag. Conf. ps As? Cu Comments 





48 Glio. Mult. Opn. — F'8 similar to As™ 
38  Glio. Mult. Opn. 1 Cu® better than F'8 
6 Glio. Mult. Opn. — F'8 similar to As” 
46 = Astrcy. Il Opn. Miss both isotopes 
57s Astrcy. Il Opn. As™ pre-op; F!® post-op; 
question opn. artifact 
Pet. pyr. Arter. 
Mening. Question if we see bony 
involvement with F!% 
Meta. Auto. Cu better than F'® 
Melanoma 
Meta. Opn. All scans equally poor 
Carcinoma 
Chordoma Radiol. F'8 better than As™ or 
Cu®™, Question uptake 
in bone-erosion 
Pseudo 
tumor True negative 





Notes 
1—definitely abnormal 3—probably normal 
2—probably abnormal 4—definitely normal 
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marked species variation. For these reasons it was considered suitable for 
evaluation in man. 

The blood concentration curve is also favorable, since it is similar to that 
found in other useful scanning agents (3). Such curves characteristically dis- 
play two or more time constants. The first should be very rapid, in the order 
of minutes, the second much longer of the order of hours. These time constants 
must be examined on the basis of several competing processes. The first time 
constant represents rapid initial removal from the blood and should be due to 
a general rapid interchange between blood and body tissue, rather than excre- 
tion or selective removal by a specific organ. The urinary excretion curve and 
the tissue studies indicate that for BF.— the last two processes are unlikely. The 
second time constant should represent the excretory removal of the agent 
from the blood. If a third, much longer time constant is observed, it represents 
the long term steady state intercuange of the tracer between blood and body 
tissue, and the gradual excretion of the tracer. 

With some isotopes, for example, ionic copper and ionic fluorine, the tracer 
is found in specific organs, liver and bone respectively, so that this general time 
sequence does not apply. However, the animal tissue studies of specific organs 
indicate that for KBF, there is no excessive preferential uptake. 

Previous studies of blood clearance of arsenic indicate a similar curve with a 
fast component having a half-time of 46 minutes and a second component having 
a half-time of 27 hours (3). The more rapid initial component in the case 
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f the fluoroborate, 15 minutes, should assist in allowing scans to be made at 
nuch shorter intervals after injection. This hypothesis is borne out in the scans 
»erformed where a time lapse of about % hour seems to be optimal. This contrasts 
9 1% hours with arsenic. The rapid initial fall-off should also be of assistance 
vhen the isotope is used for high-speed camera studies of dynamic processes. 

While the number of scans performed, 10, is limited and therefore allows 
10 generalizations, we do confirm the results obtained by Askenasy et. al. (1). 
a all cases except the benign intracranial hypertension in which there was no 
-vidence of focal disease, the F!® scan was checked against a scan with arsenic 
x copper, or both. 

The glioblastomas were clearly localized. In patient B, the fluorine scan 
was somewhat poorer than the copper, possibly due to the fact that the scan 
was begun 10 minutes after injection. This seems to be too short a time for 
ood localization. In one case an astrocytoma was clearly missed with both iso- 
topes and in another case was seen. This is consistent with the analysis of 
arsenic scans—that astrocytomas are frequently not seen. In patients F and I 
there was some bony involvement of the neoplasms. In both cases the visualiza- 
tion with fluoroborate was better than with other isotopes. There is a possibility, 
which is being investigated further, that some fluorine may be split off biologically 
from the complex ion and appear as fluoride ion going preferentially to such 
bone or that the BF.18- was contaminated with F!8— and a more rigorous purifi- 
cation of BF/8- is required. Patient G with metastatic melanoma was missed 
with fluorine though seen with copper, and patient H with metastatic carcinoma 
was visualized with all isotopes but equally poorly. 

Summarizing these cases we think thatTabeled fluoroborate ion may prove to 
be a satisfactory scanning agent and should be explored further. These findings 
corroborate the work of Askenasy et. al. though their method of oral ingestion 
has not been used. It is suggested that for intravenous use the injection be per- 
formed one-half hour to one hour prior to scan at a dosage of 15 yuc/kg, ap- 
proximately 1 millicurie per 150 Ibs. With this dosage, scanning may be per- 
formed on a mechanical scanner at a speed higher than usual, requiring ap- 
proximately 25 minutes per scan. 

Although this series of scans reveals no unusual physiological advantages of 
BF,}8 as a conventional scanning agent, its physical properties must be empha- 
sized, Administration of 20 to 40 mc, giving a whole body dose of only 1 to 2 
rads would be permissible for routine scanning and even higher doses would be 
appropriate for patients with known focal lesions. While these higher doses per 
se do not guarantee better diagnostic accuracy, they would allow greatly refined 
resolution with currently used scanning times. Alternatively the scanning time 
might be appreciably reduced. These improvements could open new avenues 
for scanning procedures such as transient studies. 


SUMMARY 


FS, a 112 minute half-life positron-emitter was studied as a possible agent 
for brain tumor localization. Tissue studies in mice bearing subcutaneously 
transplanted tumors indicated that labeled potassium tetrafluoroborate showed 
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good preferential uptake in tumor compared to brain with no excessive con- 
centration in other organs. F!* labeled sodium fluoride gave very high concen- 
trations in bone and is not suitable as a brain scanning agent. Tissue studies 
in cats with the fluoroborate ion confirm that there is no appreciable preferen- 
tial tissue uptake. Blood studies in humans showed a suitable fall-off of the 
level of activity using the fluoroborate ion and a preliminary study of a small 
number of patients scanned with fluoroborate and other isotopic agents indicate 
that the former appears to be a suitable compound for brain tumor localization 
and merits further study. 
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The Unexpected Incorporation of Unbound 
lodide-131 Into the Non-Radioactive Hippuran Molecule'” 


Thomas A. Hosick, B.S., F. Clay Watts, B.S., and I. Meschan, M.D. 
With technical assistance by Albert R. Edwards 


Winston-Salem, North Carolina 


When aqueous solutions of sodium iodide and a salt of an organic acid con- 
taining iodine covalently bound to non-activated aromatic sites (such as sodium 
o-iodohippurate [Hippuran] or sodium diatrizoate) are mixed together at room 
temperature and pressure and stored in the dark, no reaction would be expected. 
Further, it would be anticipated that a mixture of solutions of sodium iodide-131 
and non-radioactive Hippuran, tested for per cent of radioactivity existing as 
radio-iodide, would yield a valie of 100 per cent which would remain essen- 
tially constant for a reasonable period of time. 

Interestingly though, it has been observed in this laboratory that the per cent 
of radioactivity as free radioiodide diminishes rapidly in the non-radioactive 
Hippuran-radioiodide system. Tested by the method of Meschan, Hosick, Schmid 
and Watts (1), the free iodide in such a system dropped from 100 per cent 
immediately after mixing to ca. 50 per cent in 24 hours, then to ca. 4 per cent 
after a seven day interval. 


EXPERIMENTAL 


A series of experiments were run wherein excess radioactive or non-radio- 
active iodine-containing organic salts (Hippuran or sodium diatrizoate) were 
treated with sodium iodide-131, and the per cent activity due to iodide-131 was 
determined at various intervals (Table I) by the I,-CCl, test method (1). 
Ascending chromatography was used with Whatman No. 1 paper and n-butanol 
saturated with N acetic acid as the developing solvent (2). Spots were located 
by means of autoradiographic techniques. The R, value varied from 0.14 to 
0.20 for sodium iodide-131 and from 0.78 to 0.82 for sodium o-iodo'™! hippurate. 
Corresponding non-radioactive carriers were added to the spots at the origin 
prior to development whenever the radioactive material had a high specific 
activity. The unknown radioactive organic compound formed from non-radio- 
active Hippuran and sodium iodide-131 had an R, value of 0.83. 


‘Department of Radiology of the Bowman Gray School of Medicine of West Forest 
College, Winston-Salem, North Carolina. 
*Performed under Grant from U.S.P.H.S., N.I.H. 5418. 
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DISCUSSION 


Initially it was observed that when a solution of commercial I'*!-labeled 
Hippuran containing 14.8 per cent radioiodide contamination was diluted with ] 
per cent non-radioactive Hippuran, which results in the lowering of the specific 
activity by a factor of about 10,000, the free radioiodide had dropped to 6.4 per 
cent after one week. 

The determination of the per cent radioactivity due to iodide-131 in an 
aqueous solution of a water-soluble salt of a radioiodinated organic compound is 
based upon the following: when a large excess of non-radioactive elemental 
iodine dissolved in carbon tetrachloride is allowed to come into contact and 
reach equilibrium with the aqueous solution to be tested, the radioiodide essen- 
tially will have exchanged into the carbon tetrachloride-iodine solution, leaving 
the radioactivity due to the water-soluble organic material in the aqueous phase. 

At first it appeared that the observed phenomenon might have been an 
exchange reaction between radioiodide and organically bound iodine. The radio- 
active organic compound which formed during the disappearance of free radio- 
iodide in a non-radioactive Hippuran solution has an R, value of 0.83, as com- 


TABLE | 


DISAPPEARANCE OF FREE IODIDE-131 Urpon Contact WitH HIppuRAN, RApIo- 
HIPPURAN, AND SODIUM DIATRIZOATE WITH AND WITHOUT 
ADJUNCTIVE RADIATION 


Experiment 


Compound Treated with Radio- Sodium 
Na [3 Hippuran Hippuran Hippuran Hippuran Hippuran Diatrizoate 





Adjunctive Radiation None* None Co-60 U.V. Light None 
Spheres 


Initial 102% 101% 100% 100% 14.8% 


1 day 52% 46% 47% 56% 
2 days 10.8% 


3 days 70 9.9% 


time intervals 


4 days 


1 week 


Determined % Radioactivity as 
Free Iodide-131 at various 


1 month 


*Solutions stored in dark except during time of manipulation 
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-ared to the 0.78 to 0.82 range for Hippuran. Such results do not conclusively 
ow the unknown material to be other than radio-Hippuran. The non-radio- 
dide activity is accountable in this substance. I'*!-labeled Hippuran spontane- 
isly liberates iodide-131 upon storage, apparently due to self-radiation effects 
|, 2, 3). Hence, the possibility of a radiation-induced reverse reaction was 
msidered as explaining the incorporation of radioiodide by Hippuran, with the 
sultant formation of radio-Hippuran. Such specificity would suggest an energy- 
vel dependant system. Experiments using other energy levels or radiation in- 
volving mercury-vapor produced ultra-violet radiation and Cobalt-60 radiation 
resulted in no obvious change in the rate of radio-iodide disappearance (Table 1). 
If the reverse-reaction hypothesis were correct, the similar disappearance of 
radioiodide from a non-radioactive sodium diatrizoate solution would be antici- 
pated. However, in such an experiment, involving sodium diatrizoate, no sig- 
nificant change in per cent radioiodide was observed. Unlike Hippuran, the 
aromatic portion of sodium diatrizoate is completely substituted. 


CONHCH2COO™ Na* 


CH3CONH COO™Na* 


I 
I 


CH,CONH 


Sodium o-lodohippurate 
Sodium Diatrizoate 


Experimental evidence, then, suggests that the radioiodine may be entering 
an unsubstituted position on the arematic ring of Hippuran to form a radio- 
active diiodo- or poly-iodohippurate ior. rather than the suspected exchange 
reaction having taken place. Further chromatographic studies are needed for the 
separation of the unknown radioactive organic compound(s) and to distinguish 
the compound(s) from radio-Hippuran. Since a di- or poly-iodo-substituted 
hippurate would be a much heavier ion than the mono-iodohippurate, a separa- 
tion might be effected by electrophoresis. Subsequent identification of the radio- 
active organic product originating in the radioiodide-Hippuran system will sug- 
gest the correctness of the latter hypothesis. 

Anghileri (3) found a radioactive organic contaminant of a radio-Hippuran 
solution which also was contaminated by radioiodide. The material was chroma- 
tographically very similar to Hippuran. In an attempt at identification, he ran 
functional group tests for free phenols, keto acids, and amino acids, the results 
being negative. It is possible that his unidentified compound is identical to our 
Own. 

The observations reported herein may have very significant ramifications, - 
especially in regard to unexpected contamination of certain types of radio- 
iodinated organic materials which spontaneously liberate radioiodide upon 
storage. 
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SUMMARY 


Observations have been made that if the specific activity of a commercial 
preparation of iodine-13l-labeled Hippuran containing contaminating free radio- 
iodide is lowered by a factor of about 10,000 by dilution with a non-radioactive 
Hippuran solution, the per cent radioiodide contamination decreases upon stand- 
ing over a period of time at room temperature in the dark. Furthermore, if 
sodium iodide-131 and non-radioactive Hippuran solutions are mixed, the per 
cent radioactivity due to iodide-131 rapidly decreases from the initial 100 per 
cent. An unknown radioactive compound is formed, presumably organic, which 
behaves chromatographically very similar to radio-Hippuran. 

The addition of a solution of sodium diatrizoate to a sodium iodide-13] 
solution does not result in iodide-131 decrease. Cobalt-60 radiation and ultra- 
violet light do not appear to change the rate of iodide-131 decrease in solutions 
containing non-radioactive Hippuran and sodium iodide-131. 
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A Theoretical Approach to the 
I’-Hippuran Renogram’ 


Fredric L. Coe, M.D. and Gerald Burke, M.D. 
Chicago 


INTRODUCTION 


The methods currently used (1-8) to interpret the I'*!-hippuran renogram 
are empirical in origin and are justified predominantly on the basis of their prac- 
tical utility. While these methods have sufficed for the semiquantitative estima- 
tion of differences in hippuran clearance and urine flow rate between the two 
kidneys, they have not afforded the accuracy and precision required to establish 
the renogram as a reliable clinical and research tool (1, 2, 9). Several investi- 
gators (9, 10), noting these limitations, have suggested that a theoretical analysis 
would be of value in the development of more accurate renogram interpretive 
methods. 

This paper describes an attempt to produce such a theoretical analysis. To 
this end, the time course of the I'*!-hippuran within the two kidneys and within 
the plasma is described in terms of general mathematical equations. These equa- 
tions are then used to derive methods by which hippuran clearance and urine flow 
rates may be quantitatively obtained from the graph of true renal hippuran con- 
tent plotted against time, hereafter called the “true renogram”, and from the 
graph of true plasma hippuran concentration which will subsequently be called 
the “true plasma curve”. Following the derivation of these methods, the problem 
inherent in their practical application will be discussed in terms of the relation 
between the “true” renogram and plasma curves and the corresponding observed 
renogram and plasma curves, respectively. 


THE TRUE RENOGRAM CURVE 
Following the intravenous injection of I'*!-hippuran, its blood concentration 
will fall as some monotonically decreasing function of time (8). Therefore: 


1. Cs = C.»; where C, is blood hippuran concentration, and C,,, is some 


unspecified function of time. 


Although hippuran rapidly enters the kidneys (11), a time interval is known 
to elapse before any of the material begins to leave (2, 3). This interval, which 
From the Radioisotope Laboratory and the Department of Metabolism and Endocrinology, 
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we Shall call t,, has been measured in humans and is rarely less than three min- 
utes (2,3). In the interval 0 < t < t,, therefore: 


9) dSR (t) 


. = KC,,; Where SR) is the rate of hippuran entry into the kid- 


ney under consideration at time t, and K is the hip- 
puran clearance (cc/min.) which is assumed to be 
constant. 


Subsequent to t,, hippuran begins to leave the kidney. Then: 
dSRy 


3. dt 


= KC. — Ui» . V; where V is the effluent urine flow rate 
(cc/min) and U,,) is the concentration of 
hippuran within that urine at time t, t > t,. 


The determination of K follows from equation 2 or its integral: 


SR ee SR ‘pa ty 


~ = 


Co +=Cs ort | 
[ Cres dt SR 1) = 0 whent = 0 


Total hippuran clearance may be obtained from the sum of the individual clear- 
ances. The ratio of hippuran clearances for the two kidneys is given by: 
SR», _ SRw, _ Ki 


& 6% = = ——:§< § 
SRit, SR, KR: ‘ 





The derivation of V is obtained from equation 3 or its integral: 


t2 
6V= KC — SR. = Kf. Cy dt + SRin, — SR, 


Uy te 
/ U.1) dt 
t, 


h>h >t 








A special case of this equation, which will be shown to have practical utility, 
obtains when C,,), SR,,, and, therefore, U,,, are constant. This state will occur 
if a constant infusion of hippuran is maintained for approximately 10 to 15 min- 
utes and if V x 0 (13). During the period when C,,), SR,,) and U,,, are con- 
stant: 
7 v= K.P . where P is the blood concentration and U is the urine 
U concentration of hippuran. 


Furthermore, the ratio of urine flow rates during the plateau period is given by: 


Vi 


7 (a). Ve = 


These equations are sufficient to allow the exact determination of hippuran 
clearance znd urine flow rates from the “true” renogram and plasma curves. Their 
application to the observed renogram is rendered inexact by the distortions in- 
herent in current renogram recording techniques. A discussion of those distortions 
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which are more quantitatively significant can provide an assessment of the mag- 
nitude and direction of the major errors caused by the observed renogram, and 
further can suggest experimental approaches which have potential merit. 


INTERPRETATION OF THE OBSERVED RENOGRAM 
A. Hippuran Clearance. 


The actual determination of hippuran clearance is complicated by at least 
two factors not contained in equation 2. Blood background radioactivity repre- 
sents a significant proportion of the observed renogram (11) and, in addition, the 
recorded radioactivity is proportional rather than equal to the amount of hippuran 
actually present within the kidney with the proportionally constant dependent 
upon the sensitivity of the probe and recorder and the volume of the kidney 
which is subtended by the counting field of the probe. This may be expressed 
mathematically by letting SR* ,,. equal the observed value of SR,,): 


8. SR» = € SR’ + Vp Cio; where « is a unitless scale factor and V,, is 
the apparent volume of blood counted by 
the probe (cc). 


Thus, from equation 2: 


rs 
9. SR* 4 = € K | Cun dt + VeCi a, and 
/0 


SRiy = eK Co t VCs t< tr 
Further the observed value of C*,,, willbe proportional rather than equal to 
C,,), and therefore: 


10. C*(,, = aC,,); where a is a unitless scale factor. Thus, attempts to de- 
rive K from equation 4 using SR*,, or SR*,,, will not result in K, but rather in a 
different value, K*: 


1. Ke = —SRo_ . SR tg y Ve Cin | 


t Big t) a a t 
/[ C t) dt / C. t) dt 
( 


) 


€ ¥% € t 
=-K eR, ee 
a t a Cit) 
Furthermore, attempts to derive the ratio of hippuran clearances from these 


equations will result in the ration of K* rather than K: 


t 
SR... eK, [ OFS dt ob Vo, Cyn 


SR*, t 
eK [ Cun dt + VpeCi ty 





a. 


SR*, t)s 


6KiCit + ao 
alls. + Vo, Cin 





| 
| t< ty 
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It is apparent from equation 11 that the accurate measurement of hippuran 
clearance requires an independent assessment of C,,), «, and V,. Fortunately 
C,,, can be directly measured by a third probe positioned over a non-renal area 
and calibrated by direct blood sampling following the initial injection of ['*1- 
serum albumin. Further, V,, can be determined during this initial calibration 
period. However, «, the absolute counting efficiency of the renogram probes, 
can only be inferred by indirect methods and this represents a major limitation 
of the accuracy with which hippuran clearance can be measured by renogram 
techniques. 

Evaluation of the ratio of hippuran clearances does not suffer from so severe 
a limitation however, for « need merely be equal for both kidneys. Various in- 
vestigators have employed an initial dose of either I'*!-hippuran or Hg 203- 
iabelled neohydrin to achieve this goal (2). It should be noted however, that 
blood background must be subtracted from the observed renogram curves before 
the ratio of hippuran clearances can be obtained accurately. Even if V,, is the 
same for both kidneys, equation 12 demonstrates that the apparent ratio of K, 
to K, will tend factitiously toward unity as the ratio of V,, to K rises and actual 
differences in K will become progressively obscured with falling values of hip- 
puran clearance. 


B. Urine Flow Rates. 


The relationship between urine flow rate and the “true” renogram curve is 
given by equation 6. This equation requires the determination of K, additional 
measurements of C,,, and SR,,, and an assessment of U,,). If a constant infusion 
of hippuran is employed, however, only K and U,,, need be determined by 
external counting, for the remaining term in equation 7, the plasma hippuran 
concentration, can be measured directly. Further, if only the ratio of urine flow 
rates is desired, the ratio of hippuran clearances may be substituted for K. Thus 
constant infusion techniques appear to offer a potential decrease in experimental 
error and greater convenience. 

Whether equation 6 or the potentially more accurate constant infusion equa- 
tion is employed, the determination of urine flow rate requires that U,,) be 
measured. Since existing techniques for producing renograms do not measure 
U,,, directly, exact determination of urine flow rate is not yet possible. 

In the absence of instruments which allow the determination of U,,,, meas- 
urments of urine flow rate must depend upon the approximation of U,,, by the 
parameter which can be reliably measured at present, SR,,). This parameter was 
discussed in the previous section and may be derived from SR*,,. by subtracting 
blood background from the observed renogram curve and by estimating the 
proportionality constant, «, which connects the radioactivity measured over the 
renal area with the actual radioactivity present within that kidney. 

The exact relationship which exists between SR,,, and U,,, in a given 
kidney under specific conditions of renal function and hydration can only be 
determined experimentally. However, the analytical form of this relationship can 
be predicted when U,,, and SR,,, are constant if one assumes that the concentra- 
tion of hippuran within the urine is a continuous function of the length of the 
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tubule which has been traversed, and that the intra-renal hippuran is predom- 
inantly located within the urine. When these assumptions obtain: 


13. SR= U. V, ; where U is the average urine hippuran concentration 
and V, is the volume of urine within the counting field 


of the probe. 
if one then substitutes U for U in equation 7: 
KP ee 
14. V~ ii and by equation 13: Aa? hy B. 


This substitution of U for U is an approximation whose error can only be 
experimentally assessed. Although the existence of U is proven by the mean 
value theorem of the integral calculus, the relationship between U and U is unde- 
fined. Additional inaccuracy is introduced into equation 14 by the errors inherent 
in the determination of K and SR,,, and by the presence of intra-renal hippuran 
which is not in the tubular urine. However, even if these errors could be elim- 
inated, the dependence of 8 upon both urine flow rate and the volume of urine 
present within the counting field of the probe makes this parameter an unreliable 
index of urine flow rates. This follows since urine flow and renal urine volume 
may change independently and complexly in renal disease and under varying 
conditions of hydration. Moreover, since any approximation of U,,. by SR, 
must employ a term with the units of volume, accurate measurement of urine 
flow rate requires a means of directly determining U ,,). 


This necessity for determining the effluent urine I'*!-hippuran concentration 
is analogous to the problem inherent in measuring the flow rate through any sys- 
tem by using an indicator-dilution curve, for in all such cases the effluent indi- 
cator concentration is required. In fact, if equation 6 is rewritten for the bound- 
ary conditions of the usual dye-dilution curve one obtains the general equation 
which describes the flow through any system in terms of an indicator dye-dilution 
curve (12): 


k / Ci» dt + SRo 
nm Yu 





; where K §¢ C,,, dt is the total amount of 

} z U.» dt I'5-hippuran which enters the kidney 
t . ° . 

to - under consideration and SR, is the amount 


present at t = ty. 


Thus the renogram can be described as a special type of indicator-dilution curve 
which has a complex input, K * C,,,, and a significant amount of residual indicator 
stored within the system. 


(t)? 


DISCUSSION AND CONCLUSIONS 


The foregoing analysis has demonstrated that the ratio of hippuran clear- 
ances can be accurately calculated from equation 5 if the proportionality constant 
between the observed and actual renal I'*!-hippuran content, ¢, is the same for 
both kidneys and if current techniques are supplemented by the subtraction of 
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blood background radioactivity from the observed renogram curve. Moreover, 
actual values of hippuran clearance may be obtained from equation 4 if the mag- 
nitude of this proportionality constant, «, is known. 

In contrast to the potential accuracy with which individual renal function 
can be delineated by the renogram methods in current use, precise assessment 
of urine flow rates or their ratio must await techniques which selectively measure 
effluent urine hippuran concentration. All indices which rely upon the approxima- 
tion of U,,, by SR,,, must depend upon both urine flow rate and the volume 
of urine within the purview of the monitoring probe. 

Moreover, this serious limitation applies with equal force to the estimation 
of urine flow rates by the use of Tmax (2, 7), the time at which the observed 
renogram attains its maximum amplitude. Recent experimental data (2, 3) has 
clearly demonstrated that the magnitude of Tmax is predominantly dependent 
upon the transit time of hippuran through the kidney, t,. This latter, in turn, 
must depend upon both the rate of urine flow and the volume of tubular urine’. 
Further, the estimation of urine flow by measuring the rate at which the ampli- 
tude of the observed renogram curve declines following the attainment of Tmax 
(1, 9), is limited in accuracy because the correct expression which relates urine 
flow, V, to SR given by equation 3 is: 


K Cw — SR 
V= a This is merely the differential form of equation 6 and also 
(t) 





requires the determination of U,,). 1[For a single tubular segment v = zr’, 


where v is the volume and | is the length of the segment. Thus, ?. ar o .. 


dt dt 


where V is simply the flow rate (cc/min.) through the segment. If flow is constant, 


2 l 2 
Tr volume 
| dl, and t = V |= fw vale ae 


where t is the time interval required for an increment of volume entering at 
t = 0 to traverse the distance |. Since the kidney must have an average tubular 
length and urine flow rate, this same argument applies to the whole organ and 
transit time must depend upon both the flow and volume of urine within the 
kidney. | 

Lastly, methods (6, 7, 8) which attempt to derive urine flow rate by re- 
plotting the observed renogram on semi-logarithmic graph paper and resolving 
the replotted curve graphically into functions of the form In Y = —at can only 
yield values of « which have the units time’. This is true because such graphical 
resolution implies that SR,,, is expressed as a series of exponential terms, Ce**. 
Further, all attempts to derive such an exponetial expression of SR,,, from multi- 
compartmental models will demonstrate that the « term related to urine flow 
will be of the form« = V/Vr, i.e., B. 

Thus the development of quantitative renogram interpretive methods re- 
quires the solution of two experimental problems. The absolute counting effi- 
ciency of the renogram probes must be determined and instruments capable of 
accurately measuring effluent urine hippuran concentration must be developed. 
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urther, the categorization of the renogram as a special type of indicator-dilution 
curve suggests that these instruments will have applications in the measurement 
f flow within organs other than the kidney. It would also appear that the theory 
if indicator-dilution curves may have other significant applications to renogram 
interpretation. 
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Channel Ratio in the Determination 
Of Two Gamma-Emitting Radioisotopes'* 


Richard P. Spencer, M.D., Ph.D. and 
Burton Seife, M.D. 


New Haven, Connecticut 


The technique of gamma ray spectroscopy has gained wide use in distin- 
guishing radioisotopes of different gamma ray energies. For example, the Cr*!-red 
cell survival can be studied simultaneously with Fe®® erythrokinetics (1), tissue 
uptake of K** may be quantitated while Cu™ entry is also being followed (2), and 
Ba'*! can be used as a nonabsorbed marker to quantitate the fecal excretion 
of I'*!-labeled fats (3). Such applications have been accomplished by counting 
two gamma energy regions (“channels”) and solving the appropriate simul- 
taneous equations. Use of the ratio of the counts in the two channels has recently 
been found to simplify calculations in certain cases. Since no discussion of the 
technique has been noted, a brief description is given here. 


THEORY 


In Figure 1, L represents the counts in the lower channel, and U the counts 
in the upper channel of a gamma ray spectrometer. The discussion would be just 
as valid if there was no upper energy cut-off for the upper channel, and in cer- 
tain simplifying situations. Let B represent the counts from one radioisotope 
in the upper channel, and D the counts from the second radioisotope in the 
lower channel. The quantities are related by the equations 


U=B4+cD, (1) 
and 


L=aB+D, (2) 


1Sections of Nuclear Medicine and Radiodiagnosis, Depar:ment of Radiology, Yale Uni- 
versity School of Medicine, New Haven, Connecticut. 
“Supported by Grants HD 411 and AM 08211 from the U. S. Public Health Service. 
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DETERMINATION OF TWO GAMMA-EMITTING RADIOISOTOPES 


where a and c are constants. The ratio of channel counts gives 


=e (3) 
L aBt+D 
when B = O, U/L = ¢, and when D = O, U/L = 1/a. Hence, the constants can 
be readily evaluated by use of the channel ratio. 

During studies of absorption from the gastrointestinal tract, it is of impor- 
tance to determine the ratio of the absorbed radioisotope to the nonabsorbed 
marker.* This can be calculated using the channel ratio. Solving (1) and (2) 
for B and D in terms of U and L, gives 


: (4) 


—aU 
L 
The fraction of B in a particular sample is also calculable from the channel ratio 


ame 
ny ¢ 
B+D U 
L 
In the simplifying case of a small value for c, this approaches 
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(1—a) + (1—c) 
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Fig. 1. Diagram of the energy spectra of two gamma emitting radioisotopes. L and U refer 
to the counts registered in the lower and upper cahnnels of a gamma ray spectrometer. 





564 SPENCER AND SEIFE 


The above is the equation of a rectangular hyperbola. The reciprocal of equation 
(6) can be plotted on linear paper, and is an analogue of the Lineweaver-Burk 
treatment of the Michaelis-Menten equation. Equation (4) also simplifies in the 
case of a negligible value of c, to the inverse form 


D 1 


Bo (U 
(7) 
Again solving (1) and (2) for B and D, in terms of U and L there is ob- 


tained by letting K = ae. 
1—ac 


D=KL\1 oa 


i 


7? on 
pwen|! cl 


SUMMARY 


Calculation of the channel ratio, when two gamma-emitting isotopes are 
present, can be used to determine the constants in the equations relating channel 
counts to quantity of radioactivity, the amount of each radioisotope in a mixed 


sample, the ratio of the two radioisotopes, nad the fraction. of either isotope in 
a mixture. 
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ANNOUNCEMENTS 


News From National Academy of Sciences National 
Research Council 


WASHINGTON, D.C., May 25, 1964—On behalf of the James Picker Foun- 
dation, the National Academy of Sciences—National Research Council is accept- 
ing applications for fellowships and grants in the field of radiology and nuclear 
medicine for the year 1965-1966. Awards are made in four categories: 

The Advanced Fellowships in Academic Radiology reflect the primary in- 
terest of the James Picker Foundation in the development of personnel for careers 
in academic radiology. The purpose is to prepare the fellow to meet in full the 
intellectual demands of an academic position. Emphasis is placed upon the ac- 
quisition of a broad background in the basic sciences related to radiology. Pref- 
erence will be given to applicants under 34 years of age. Completion of clinical 
training in radiology ordinarily will be a prerequisite. The candidate should be 
prepared to devote a minimum of two years to course work in the basic sciences 
and to the application of the techniques and methods of these disciplines to 
radiological research. In arranging the details of his program, the prospective 
fellow will have opportunity for consultation with members of the Academy— 
Research Council’s Committee on Radiology. Application will be accepted on 
nomination by a clinical adviser, who should be a member of the staff of a de- 
partment of radiology in a medical school. 


Postdoctoral Research Fellowships are open to recent graduates who desire 
investigative experience and training in radiology or nuclear medicine. While 
persons from closely related disciplines are eligible to apply, candidates with some 
training in radiology and/or nuclear medicine will receive preference. Applicants 
must hold the M.D., Ph.D., or Sc.D. degree or the equivalent. Awards are for a 
period of one year, but requests for renewal will be considered. 


Grants for Scholars are offered to assist medical schools, hospitals, and other 
research institutions in supporting and developing junior staff members in radi- 
ology and nuclear medicine. This is a transitional form of support, designed to 
bridge the gap between the completion of research fellowship training and the 
period when the young scientist has thoroughly demonstrated his competence 
as an independent investigator. The application is submitted by the institution on 
behalf of the prospective scholar. If the request is approved, a grant will be made 
directly to the institution as a contribution toward the scholar’s support, or his 
research, or both. Initial grants are made for two years, but renewal for a third 
year may be recommended. 


Research Grants are designed to encourage investigations in radiology and 
nuclear medicine offering promise of improvement in methods of diagnosis or 
treatment of disease. In line with the interests of the Foundation, the program 
is oriented toward, but not necessarily limited to, the diagnostic aspects of these 
fields. Radiological studies involving the use of radioisotopes fall within the 
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scope of this program. Research grants are awarded to institutions, rather than to 
individuals. Initial awards may be made for two years. 

Applications in these four categories will be reviewed by the Committee on 
Radiology of the Academy—Research Council’s Division of Medical Sciences. 
Final determination of awards is made by the Foundation upon recommendation 
of the Division. Support is not restricted to citizens of the United States or to 
institutions within this country. 

Applications for the fiscal year 1965-1966 should be submitted by October 1, 
1964. Application blanks and further details may be obtained from the Committee 
cn Radiology, National Academy of Sciences—National Research Council, 2101 
Constitution Avenue, N. W., Washington, D. C. 20418. 


Medical Technologists Needed For Summer-Fall 
Peace Corps Programs 


The Peace Corps is looking for medical technologists to serve as Volunteers 
in new health projects beginning this summer and early fall in Latin America, 
Asia and Africa. 

Many developing nations have launched programs to improve the health 
of their people, but they lack the trained personnel necessary to make these 
programs effective. They have called on the Peace Corps to send laboratory 
technicians and other health specialists to supply the needed skills and to dem- 
onstrate their techniques to host country health workers. 

While helping the Peace Corps to fill these requests, medical technologists 
also can help themselves to travel, adventure, the chance to learn a new language, 
become acquainted with a foreign culture and broaden their own horizons—all 
while helping people who have asked for help. 

Preparations for overseas service are thorough. Medical technologists do not 
have to be proficient in the language of the countries in which they hope to serve. 
Volunteers receive intensive classroom and laboratory work in the required 
languages, and training is given by the most modern, concentrated methods de- 
signed to have the students thinking in the new language, as well as speaking it, 
by the time they finish the course. 

Peace Corps training also covers the history, culture, economy, geography 
and politics of the areas where the Volunteers will serve; communism and the 
methods by which the free world is meeting its threat; international affairs and 
refresher courses in American history and institutions. 

In order to be eligible for the Peace Corps, Volunteer applicants must be 
American citizens. If married, both husband and wife must qualify to serve in the 
same country, and they must have no dependents under 18. 

In addition to the $75 per month readjustment allowance put aside for them 
by the Peace Corps, Volunteers receive living allowances to cover the cost of 
food, housing, transportation, appropriate clothing and miscellaneous expenses. 
Medical care is provided by the Peace Corps. For additional information write 
Office of Public Affairs, Peace Corps, Washington, D.C., 20525. 
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James Picker Foundation 


On behalf of the James Picker Foundation, the National Academy of Sci- 
ences—National Research Council announces the award of 38 grants and fellow- 
ships to selected candidates for the support of research and training in radiology 
and nuclear medicine in the coming academic year. The awards, in amounts 
totaling approximately $250,000, were recently approved by the Foundation on 
recommendation of the Committee on Radiology of the Academy-Research 
Council. 


This program, now consisting of four categories of awards, was inaugurated 
by the James Picker Foundation in 1950, with the objective of broadening the 
scope of radiology in the United States and foreign countries. Since then, the 
Foundation has awarded Research Grants to 104 investigators in 71 institutions, 
including 11 universities or research laboratories in Canada and 12 overseas. 
In addition, 19 men have been supported by Scholar Grants in Radiological 
Research during the initial years of their service as university staff members. 
Through its Research Fellowships, the Foundation since 1950 has aided 34 young 
men from many countries to prepare for scientific careers in radiology and 
nuclear medicine. The Advanced Fellowships in Academic Radiology, awarded 
for the first time in 1961, reflect the increasing interest of the Foundation in 
advancing medical education; the appointments made thus far have enabled 
four young radiologists to receive special preparation for faculty positions in 
medical school departments of radiology. 


Recipients of awards for 1964-1965 are as follows: 


Research Grants 


Dr. Franz K. Bauer, Chief, Medical Service, Los Angeles County Harbor 
General Hospital. 

Dr. Andre J. Bruwer, Tucson Medical Center, Tucson, Arizona. 

Dr. John A. Campbell and Charles H. Helmen of the Indiana University 
School of Medicine. 

Dr. Erik Carlsson, Assistant Professor of Radiology, Mallinckrodt Institute 
of Radiology, Washington University School of Medicine in St. Louis. 

Dr. P. Czerniak, Head of the Radium and Isotope Institute, Tel-Hashomer 
Government Hospital, Israel. 

Dr. F. Dalith, Chief, Department of Radiology, Tel-Hashomer Hospital, 
Israel. 

Dr. John H. Feist, Associate Professor of Radiology, University of Pittsburgh 
School of Medicine, Presbyterian-University Hospital. 

Drs. Harry W. Fischer and John R. Thornbury of the Iowa University. 

Dr. David Foxman, Assistant Professor, Western Reserve University and 
Associate Radiologist at Cleveland Metropolitan General Hospital. 

Dr. Mats Haverling, Assistant Radiologist at Thoraxkliniken, Karolinska 
Sjukhuset. 

Dr. Takashi Honda, Chief of the Radioisotope Laboratory, Kanazawa Uni- 
versity, Japan. 
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Dr. Willard J. Howland, Radiologist at the Ohio Valley General Hospital 
in Wheeling, West Virginia. 

Dr. Hilde Levi, staff of Zoophysiological Laboratory, University of Copen- 
hagen. 

Drs. Stanley J. Malsky and Bernard Roswit, Veterans Administration Hos- 
pital, Bronx, New York. 

Dr. Ralph R. Meyer, Chairman of the Department of Radiology, Holy Cross 
Hospital, Salt Lake City, Utah. 

Dr. Robert A. Nordyke, Head, Department of Nuclear Medicine, The Straub 
Medical Research Institute of Hawaii, Inc. 

Drs. E. Ratzkowski and A. Hochman of the Rothschild Hadassah University 
Hospital, Jerusalem, Israel. 

Dr. Warren M. Russell, Department of Radiology, San Francisco Medical 
Center, University of California. 

Dr. Solomon Schwartz, Jewish Hospital of Brooklyn. 

Dr. Kurt R. Straube, private practice in Portland, Oregon. 

Dr. Leonard Stanton, Associate Professor of Radiology (Radiologic Physics ) 
at Hahnemann Medical College and Hospital. 

Dr. Theodore A. Tristan, Associate Professor of Radiology, Hospital of the 
University of Pennsylvania. 

Dr. Costantino Zaino, Associate Radiologist, Montefiore Hospital, New York. 


Grants for Scholars in Radiological Research 


Dr. Joshua A. Becker, Temple University School of Medicine. 

Dr. James A. Belli, University of Texas Southwestern Medical School, Dallas. 

Dr. Akbar Bonakdur-pour, Temple University School of Medicine, Phila- 
delphia. 

Dr. C. Benjamin Graham, Karolinska Institutet in Sweden. 

Dr. Geraldo A. Medeiros-Neto, Massachusetts General Hospital in Boston. 

Dr. William H. Northway, Stanford University School of Medicine. 

Dr. John Peter Tampas, University of Vermont College. 

Dr. Walter M. Tripp, University of Pittsburgh School of Medicine. 

Dr. F. Frank Zboralske, Marquette University School of Medicine. 


Fellowships in Radiological Research 


Mr. John A. Heddle, Oak Ridge National Laboratory, Oak Ridge, Tennessee. 
Dr. Leslie A. Preger, Postgraduate Medical School in London. 

Dr. Stewart R. Reuter, University of Lund, Sweden. 

Dr. Guio Uchiyama, Oak Ridge Institute of Nuclear Studies, Oak Ridge, 


Tennessee. 
Advanced Fellowships in Academic Radiology 


Dr. Jacob I. Fabrikant Assistant Professor in the Department of Radiology 
at Johns Hopkins University. 
Dr. Yosh Maruyama Stanford Medical Center, Palo Alto, California. 





BOOK REVIEW 


Tuomas L. MARTIN JR. AND DonALp C. LATHAM, Strategy for Survival, (University of Arizona 
Press, Tucson, 1963; price $6.00) 


There have been two books published within the last several years which supply detailed 
information at a highly technical and advanced political level for those concerned with the 
serious problems of nuclear weapons effects and strategy. These are of course “Effects of 
Atomic Weapons” published by the Federal Government and Herman Kahn’s treatise, “On 
Thermonuclear War”. 

Martin and Latham have produced a remarkable distillation of the major subjects of these 
two books in a relatively non technical presentation. Graphs are rarely used but tables are used 
extensively. The complexities of pertinent calculations are sequestered in an appendix. Refer- 
ences are easily found and pertinent. The text is quite valuable to individuals interested in or 
responsible for civil defense planning. The authors obviously are in favor of extensive civil 
defense planning and preparation. 

The most unfortunate aspect of this book is that it has been released at a time when both 
the general public and the responsible professions have become less concerned about problems 
of nuclear weapons or at least are more occupied with other problems of the moment. Of 
particular interest is the very thought provoking discussion of fallout and blast proof shelters. 
The authors obviously favor an elaborate system of shelters. They do, however, present with 
the necessary references the cogent arguments of such opposition groups as the Physicians for 
Social Responsibility, the Committee of Sane Nuclear Policy and the Peace Research Institute. 

It is quite obvious that these matters will not be satisfactorily resolved for some years; in 
fact such extended debates as these issues generate may in themselves be as great a deterrent 
to war as any others which have been devised. A thorough discussion of the consequences of 
nuclear holocaust is frequently chilling to the most ardent militarists. 

It is fair to recommend “Strategy for Survival” to all thinking scientists and laymen as 
a simple clear presentation of an enormous groups of confusing facts of the gravest worldwide 
concern. 


EucEnE L. SAENGER, M.D. 


LETTERS TO THE EDITOR 


TO THE EDITOR 


We read with interest the article by Shealy, et al., in the Journal of Nuclear Medicine, 
March 1964, regarding the use of Ga® as a brain scanning agent. However, we would like to 
point out that their conclusions about Ga®-EDTA (Versonate) were based on a small number 
of cases. 

Since our preliminary report on localization of brain tumors with Ga*-EDTA and the 
positron camera (1), we have examined over 100 patients. Thirty-two of these have had 
surgical or autopsy verification of brain tumors, and 27 (85%) were correctly localized with 
Ga®-EDTA. In comparison, Sweet, et al., reported an overall accuracy of 80 per cent with 
As“ and the positron scanner (2), and Silvertone and Gillespie reported an overall accuracy 
of 83 per cent with Hg**-Neohydrin and the conventional focused collimator scanner (3). 

We believe Ga®*-EDTA is an excellent scanning agent. It has given results as good as other 
agents for which a similar series of patients have been reported. However, short lived isotopes 
require rapid imaging, and we seriously question whether satisfactory results can be obtained 
with the conventional positron scanner. 

Recent phantom studies (4) indicate that the positron scintillation camera using Ga™- 
EDTA will detect lesions 4 the volume that can be detected by the conventional positron scan- 
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ner using As“. The increase in sensitivity is obtained even though the phantom was set up to 
simulate our clinical condition where brain pictures are obtained in 4 to 10 minutes with a 
dose of 350 to 750 microcuries of Ga*-EDTA. Shealy, et al., however, found that 2 to 3 
millicuries of Ga*-EDTA was sometimes an inadequate dose with their positron scanner. 

We agree the search should continue for better agents, but our results indicate Ga*-EDTA 
to be as effective as the other agents now in use. 


ALEXANDER GOTTSCHALK AND HAL O. ANGER 
DoNNER LABORATORY OF MEDICAL PuysiIcs AND BIopHysics 
UNIVERSITY OF CALIFORNIA, BERKELEY 4, CALIFORNIA 
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TO THE EDITOR 


In his correction to the paper entitled “The Use of a Modified Radioactive Test for 
Evaluating the Peripheral Circulation”, that appeared in the Journal, April 1964, p. 319, 
Dr. Kanner indicates that the corrected result for the integration of the equation: 


a te (1) 


should be 


er fn 3) 
Area = Np ( 0.69 (2) 


However, equation (2) is not the correct integral of equation (1). Integration of equa- 
tion (1) leads to the equation 


t t i 
heen [ Nat = wef, ee 


T} —\t 
= Nr [ — 0.69 (1-e ] (3) 


If desired, the accuracy of this amended result can be confirmed by comparing the 
derivatives of the equations (2) and (3) to equation (1). 


BERGENE Kawin, Pu.D. 
VA HospitraL 
Fort Howarp, MaryLanp 21052 





President's Letter 


The field of Nuclear Medicine has expanded in such fashion that if we consider where we 
are and where we were, it is difficult to realize how few years have passed. However by one 
criterion or another we recognize that there is a significant past. This past was well demon- 
strated by the presence of all the Past Presidents at the Berkeley meeting. Attuned to this 
unprecedented event, Asa Seeds, M.D. our historian, presented a historical resume’ of the 
Society at the annual banquet which we are herewith offering for the information of all. 


HISTORICAL BRIEF 
Relative Perspective 


According to Noah Webster history is a narrative account of events. Some imaginative 
interpretation is allowable. Best history is written by people who were not here, there para- 
meters are not limited by exact accuracy. 

Obviously my task is beset by. inherent defects. We have not been in existence long 
enough to qualify for history, calle. However a few inescapable facts do have substance. 
Of this there is documentary evidence. 

In the fall of 1953 Milo Harris, Tom Carlile and I attended a clinical session at Oak 
Ridge. On one of our “field” trips we discussed the idea of an organization in our area for 
discussion of technical problems and discoveries. In December Carlile initiated activity by 
telephone. We decided to approach interested parties in our geographic convenience and as- 
sembled twelve such on January 23, 1954 in the Davenport Hotel in Spokane, Washington in 
a blizzard. If I remember correctly all of us arrived late. 


In a weekend of round-the-clock work we formed an interim organization from Wash- 
ington, Oregon, British Columbia and Montana represented by: 


FOUNDERS’ GROUP 


A. Kearney Atkinson, M.D. Internist Rex L. Huff, M.D. Research 
Box 911 2418 Harvard Ave., 
Great Fall, Montana Seattle, Washington 


Thomas Carlile, M.D. Radiologist Tyra T. Hutchens, M.D. Clinical Laboratory 
1115 Terry Ave., 6623 S.W. Virginia Ave., 
Seattle, Washington Portland, Oregon 


Eggert T. Feldsted, M.D. Radiologist Robert G. Moffat, M.D. Radiology-Therapeutic 
755 W. Twelfth Ave., 2656 Heather St., 
Vancouver, Canada Vancouver, Canada 


William H. Hannah, B.S. Physicist Joseph P. Nealen, S.J. Physicist 
Rt. 2, Box 896 Ganzaga University 
Bremerton, Washington Spokane, Washington 


Milo Harris, M.D. Radiologist Asa Seeds, M.D. Radiologist 
252 Paulsen Bldg., 3407 Division Ave., 
Spokane, Washington Vancouver, Washington 


Norman J. Holter, M.A. Physicist Charles P. Wilson, M.D. Internist 
Helena, Montana 2455 N.W. Marshall 
Portland, Oregon 


Prime organization committee assignments were issued to all and much to everyones 
amazement they all functioned. On May 29, 1954 the first “annual” meeting was convened in 
Seattle under the gavel of Tom Carlile. Registration 150; by no means limited to the northwest. 

From the very beginning the question of geographic scope was paramount and no limit 
was ever placed upon it. Incorporation was necessary and necessarily exists by law in one 
state. We are incorporated in Washington as of November 8, 1954. 

Our second meeting, in Portland, Oregon was remarkably larger. At that meeting there 
were more than 350 registrants. Preliminary activity started in Portland from several points; 
which lead during the year to the “Chicago Steering Committee” meeting; in turn to mass 
joining to the Society of several local units and the formation of the National Chapter system 
now prevailing. 

At this very meeting in Salt Lake City (1956), the establishment of a Central office and 
preparation for publication of a Journal were authorized. The Chicago office came in 1958 and 
the Journal started in 1959. 

International alliances are now the main topic of informal discussion. 

A quick glance at this story in the common clinical instrument: the retrospecto scope; 
offers a shallow focus by standards of history. 

May I borrow a cliche’ Our (vital) history lies in front of us. 

_ May we look forward: forward to a fitting place in the rich tradition of the men of atomic 
science, 

May we utilize the high quotient of intelligence inherent in us to function in a mature and 
useful manner and qualify for true historicity. 


(Delivered by Asa Seeds at the Banquet at the Berkeley meeting). 


JOHN U. HIDALGO, M.S. 
President 
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Whole-body Iron Loss In Normal Man 
Measured with a Gamma Spectrometer’ 


Hiroshi Saito, M.D., Ph.D., Thornton Sargent, III, Ph.D., 
Howard G. Parker, M.D., Ph.D., and John H. Lawrence, M.D., D.Sc. 


Berkeley, California 


The amount of daily loss of total-body iron in man has been difficult to de- 
termine, although many workers have measured radioactivity in the blood, stool, 
urine, sweat, and bile (1,2) after intravenous radioiron injection. Measurement 
of this parameter is important for the clinical evaluation of iron balance as well 
as in the basic study of iron metabolism in man. The best approach was that of 
Finch (3), who injected radioiron and then measured the activity of iron-55 in 
the red cells over a period of several years, assuming that radioiron was uniformly 
mixed after one year. The whole-body counter seemed to us, and also to Price and 
co-workers (4) at Brookhaven, an excellent way to measure total-body iron 
loss. Although this was seemingly a simple measurement, a number of problems 
complicated analysis of the data. We would like to present our results and inter- 
pretations which differ somewhat from those of Price and co-workers, and in- 


clude several factors of geometry and metabolism which they did not take into 
account, 


MATERIALS AND METHODS 


Twelve normal male human subjects, 19 to 43 years of age, were used in 
this study. A history of previous health was taken from each, and blood volume, 
hemoglobin, hematocrit, and differential blood counts were performed to recog- 
nize and exclude ‘subjects with abnormalities of iron metabolism. A low-back- 
ground whole-body counter, having a 9 X 4-inch crystal of NaI (Tl) with a 100- 
channel pulse-height analyzer, was used. The subjects were placed for counting 
on a special couch having a radius of curvature of 1 meter with the crystal at 
the center, i.e., the “l-meter-arc” geometry. The radioiron was administered in- 
travenously as Fe*® citrate at a specific activity of 10 to 20 wC/ug. Ten subjects 


‘Donner Laboratory of Biophysics and Medical Physics University of California, Berkeley, 
California. 
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received a dose of 5 pC, injected without having been incubated with plasma. 
The radioactivity was more than body and room background until 240 days after 
the 5 »C injection. Two subjects received intravenous injection of 18 pC of 
radioiron that had been incubated with plasma. Their stool and urine samples 
were counted by placing them on top of the crystal. 


RESULTS AND DISCUSSION 


Immediately after injection, all the radioiron is in plasma, but after 24 
hours plasma radioiron level is less than 3 per cent and most of the radioiron 
been taken up by red cell precursors in bone marrow, as known by autoradio- 
graphy (5,6) and shown in Figure 1. It is then released gradually into peripheral 
blood over a period of days. In our study the whole-body count of a subject im- 


Fig. 1. Subject T.L. scanned 30 hours after iv injection of 18 wC Fe. The radioiron concen- 
tration in vertebral, pelvic, sacral, costal, and caput humeri regions are shown. Stor- 
age retention in liver and slightly in spleen are also demonstrated. Blood radioioron 
level at the time of the scan was 3 per cent of the zero-time activity. 
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mediately after injection was related to the counts on the succeeding days, as 
shown in Figure 2. The whole-body activity decreased rapidly during the first 
several hours. By the time the radioiron in the marrow was greatest, approxi- 
mately 1 day after injection, the whole-body count had decreased to 90 per cent 
of the initial value; thereafter it rose slowly as newly labeled red cells were 
released to the circulating blood. This transient decrease of whole-body count 
can undoubtedly be related to the change of localization of radioiron. The count 
returned to an average of 97 per cent after 10 days, and stayed at this level al- 
most without change until 50 days. 


Loss of radioiron during the first 10 days cannot be so large as to account 
for this 3 per cent decrease; activity found in stool and urine during this time 
amounted to less than 0.5 per cent. Most of the radioiron is fixed in the red cell 
mass; thus the whole-body count is influenced by the death of the labeled red 
cells. 

The whole-body curve is almost flat after 10 days (Figs. 2 and 3), but this 
does not mean that no radioiron is lost from the body. It can be explained by loss 
of radioiron compensated by the movement of radioiron from miscible tissue 
to red cell mass, i.e., further utilization (8). As seen above, this movement in- 
creases the whole-body count. The daily stools showed constant radioactivity dur- 
ing this time. 

















! ! ! 1 
6 8 


Days after Fe*® injection 








Fig. 2. Change of whole-body activity after intravenous injection of radioiron. (a) Experi- 
mental data. (b) Curve representing average of (a). 





574 SAITO, SARGENT, PARKER AND LAWRENCE 


The initial radioiron injection can be considered as equivalent to simultan- 
eous death of one generation of labeled red cells, causing the sudden appearance 
of radioiron in the circulating serum iron, after passing through the reticuloendo- 
thelial cells. This same situation can be expected to occur again approximately 
120 days later, except that then the death of the red cells takes place over a 
wider time distribution. Therefore, the daily whole-body counts would again 
change as in Figure 2a, except that the spread in time of death of red cells would 
tend to make the dip wider and shallower. 

The average utilization of radioiron was 90 per cent; this means that about 
10 per cent was kept in tissues. This redistribution appears to account for most 
of the decrease of the whole-body count from 100 per cent immediately after 
injection and the return to 97 per cent 10 days after. This same effect should be 
observed again at the time of death of labeled red cells. Although the capacity 
for utilization should be the same in the same subject, storage partition should 
result in appearance of less radioiron in the second generation of labeled red 
cells. This kind of stepwise decrease should be reflected in the whole-body count. 
It would be expected to occur repeatedly until the radioiron in the body is uni- 
formly mixed. It may take about a year (3) for virtually complete mixing. 

Figure 3a shows individual whole-body retention curves over 300 days, and 
the solid line of Figure 3b shows an average curve obtained from Figure 3a. Al- 
though the average curve is derived from widely varying individual curves, it 
does suggest the stepwise decrease expected. Because of the effect of changes in 
localization of radioiron on the counting rate, interpretation of loss curves ob- 
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Fig. 3. Whole-body activity of ten normal subjects. (a) Experimental data. (b) Solid line: 
average of (a); broken line: constructed no-loss curve. 
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tined with whole body counters by ourselves and others (4) has not been as 
raightforward as had been hoped. Nevertheless, we feel that by utilizing the 
nown localization effects and known hematological processes, the data can be 
eated in such a way that useful information can be derived from them. Although 
number of assumptions are required in what follows, none of them are unrea- 
mable, and the results for average daily loss of iron are in good agreement 
‘ith those obtained by the rather different method of Finch (3). 


A decrease of whole-body activity after 50 days does not necessarily mean 
higher rate of loss of radioiron from the body. It includes death of the labeled 
jopulation of red cells, causing movement of radioiron to miscible tissue iron. 
his radioiron is then incorporated into new red cells, but some fraction remains 
‘n tissues. A small loss of radioiron from the body may also occur at this time, 
is is discussed later. After the observed decrease the curve was nearly flat again 
irom 160 to 250 days. The integral effect of the death of the first generation of 
labeled red cells and reutilization by the second generation produces a de- 
crease of whole-body count. The effect of the redistribution after the initial in- 
jection was a 3 per cent decrease in whole-body count, and the utilization of 
the first labeled red cell generation was 90 per cent. The initial radioiron injec- 
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tion is comparable to red cell death though excluding the route through the 
RE cells. However, the high retutilization (7,8) suggests that the effect on the 
whole-body count of such radioiron retention in RE cells is negligible. Therefore 
the effect of red cell death should be 2.7 percent (90% of 3%). 

If, on the whole-body activity curve (solid curve in Fig. 3b), we draw a line 
from the first peak to the second peak, it shows a slope of 6.3 per cent per 120 
days. (The 120-day period was chosen as a normal red cell life span. The effect 
of storage retention occurs once per red cell life span, and this occurred between 
the peaks). Therefore we can obtain the loss in 120 days by subtracting 2.7 pe: 
cent (the effect of storage retention) from 6.3 per cent (loss plus effect of stor- 
age retention). Thus 6.3 per cent — 2.7 per cent = 3.6 per cent; 3.6 per cent per 
120 days = 0.030 per cent per day. It should be noted that even without the 
above allowances for redistribution effects, simply by taking the average loss 
over the 300 day period, a value of 0.05 per cent loss per day can be obtained. 
However, this is an unnecessarily rough approximation for obtaining a loss figure, 
since redistribution and reutilization are known to occur, and their effects on 
whole body counting cannot be neglected. Thus we prefer to conclude that 
0.030 per cent per day is the most reasonable loss figure. 

The dotted line in Figure 3b was constructed by adding the loss rate, i.e., 
0.030 per cent per day, to the average whole-body activity curve (solid line) 
in Figure 3a. This dotted curve then represents the expected whole-body activity 
curve if no loss of radioiron occurred. If we subtract 5.7 per cent (total of 3.0% 
and 2.7%) from 100 per cent (at zero day), this level represents the decrease of 
whole-body activity by the effect of storage retention, and intersects the con- 
structed curve at 120 days. This serves as confirmation that the 120-day red cell 
life span chosen for the calculation of loss and the 2.7 per cent figure for the 
storage retention were adequate. 

The radioiron loss in stool and urine was analyzed as follows. Total ex- 
creted activity (cumulative as of each day) was plotted as a function of days 
after injection. There were two components in the cumulative Fe®® excretion 
curve; the first prevailed until 8 to 10 days and the second component prevailed 
thereafter. Samples taken much later in subject J.Z., and slightly less later in sub- 
ject T.L., showed losses at the same respective rates, as indicated in Figure 4a. 
Radioiron excretion was larger during the first 10 days than during the period 
of the second component. Subject J. Z. excreted 0.66 per cent and T.L. 0.45 per 
cent of the total radioiron in the stool within 14 days. The first slope, ending 
within 10 days, coincides with the period of exfoliation of the mucous epithelia 
as described in the review by Leblond and Walker (9). By autoradiography, 
Saito (10) found that the radioiron injected intraperitoneally in the rat ap- 
peared in the serum and was incorporated in the gastrointestinal epithelia, which 
forms nonhemoglobin iron. 

Therefore, the first slope represents the loss of nonhemoglobin radioiron oc- 
curring by exfoliation of mucous epithelia following intravenous radioiron injection. 

A small quantity of radioiron may be lost with bile (11); however, it is 
difficult to conceive of continuous loss of radioiron through bile when the serum 
radioiron level is very low. Leblond found no sign of renewal of liver cells, pan- 
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eas cells, etc. (9) by which radioiron could be lost. Therefore it is concluded 
| the basis of this circumstantial evidence and in the absence of evidence to the 
mtrary, that the loss of radioiron represented by the second slope means the 
;s of blood in the intestinal tract. Such a route of loss in normal subjects was 
ggested by studies by Ebaugh and Beeken (12) and by Harris and Belcher 
3). However, they used the benzidine test, which is perhaps too sensitive to 
tect blood only, and radiochromium leaks from red cells. The results presented 
‘re would imply daily intestinal bleeding at around 2.0 ml (1.0 mg) in subject 
/, and 0.6 ml (0.3 mg) in subject T.L. According to the above interpretation, 
.e peeling analysis of the radioiron loss curves in the stool yields a ratio of 
)emoglobin iron to nonhemoglobin iron of 10:1 in J.Z. and 3:1 in T.L. per red cell 
life span of 123 days and 120 days respectively, which were obtained from 
their peripheral red cell activity and whole-body activity curves (8). 

The loss of radioiron in the urine is shown in Fig. 4b. This must represent 
iron loss by exfoliation of the urogenital epithelia, since it occurred for the same 
10-day period as loss from the intestine, and hemoglobin is not lost via the 
urine. 

The total amount lost within 10 days in urine was 0.018 per cent in J.Z. and 
0.039 per cent in T.L. The fractional amount excreted into the urine in the form 
of nonhemoglobin iron was 0.035 for J.Z. of the amount excreted in the stool dur- 
ing 10 days after injection, and 0.083 in T.L. The radioactivity in the urine after 
10 days was undetectable in a 24-hour count with urine at the center on top of 
the 9 x 4-inch crystal. One subject not included in these data showed a larger 
amount of urine radioactivity than these subjects, and analysis of the gamma 
energy proved that it was cobalt-60, apparently as a contaminant of the injected 
Fe*® (Abbott Laboratory, Oak Ridge, Tennessee ). 


The whole-body activity curves of each subject showed a loss of radioactivity 
very close to that found in the stool and urine, as shown in Table I. Therefore, 
it is concluded that the iron loss is mostly into stool. 


There may be a slight difference in the radioiron loss rate between the time 
of the first labeled red cell generation, and after mixing of radioiron with body 
iron is complete. This would occur because loss of radioiron from the red cell 
mass will decrease, and loss from nonhemoglobin iron will increase, as the 10 to 


TABLE | 


Loss RATE PER RBC LIFE SPAN 


RBC Loss in Loss in Total loss in Loss as shown 

life stool and sampled stool, urine, and by whole-body 
Subject Span urine blood sampled blood count 
(days) %) %) (%) (%) 


2.0 8 
120 , ; .6 2.9 


123 3.8 $.3 
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20 per cent of radioiron moves from hemoglobin to stores in the course of mixing. 
‘owever, the total change in loss rate after our experimental period would be 
very small, since the whole-body activity curve of Figure 3b suggests that the 
nixing of radioiron was almost complete after the death of the first labeled red 
ell population. Moreover, the decreased loss from hemoglobin radioiron would 
»e mostly compensated by the increased loss from nonhemoglobin radioiron. 

The average hemoglobin iron calculated from each subject’s blood volume 
ind hemoglobin concentration was 2364 mg, as shown in Table II (0.334% of 
hemoglobin as iron by weight), and total miscible tissue iron was taken as 600 
ng (3). Therefore, miscible total-body iron was taken as 2964 mg. The loss of 
radioiron at the rate of 0.030 per cent per day from this total miscible iron gives 
an average total-body iron loss figure of 0.89 mg per day. This is smaller than 
the absorption figure obtained from the same subjects used for the loss study; 
9 per cent absorption for 15 mg daily iron intake makes 1.35 mg per day (14). 
However, when iron is absorbed from food, the absorption is less than from the 
elemental iron (15-18). 

The loss figure obtained by Finch was 0.61 mg per day, which is smaller 
than ours. This may be due to differences in the subjects; the average age of his 
was 70 years and 32 years for ours, and total miscible iron was 2685 mg for 
his and total miscible iron 2964 mg for ours. There may, of course, be differences 
due to differences in method employed. However, the daily percentage loss rate 
found here, 0.030 per cent is in reasonable agreement with the 0.023 per cent 
found by Finch in a study lasting 4.5 years. Price and co-workers (4), also 
using a whole-body counter, studied loss in patients with hematological dis- 
orders. On the basis of only 3 normal subjects studied over 20-100 days, they 
believe that a normal range of 0.103-0.182 per cent loss per day is indicated. This 
is much higher than our data or those of Finch, and cannot be reconciled with 
daily iron absorption values. 


SUMMARY 


1. The average whole-body iron loss of twelve normal subjects was analyzed 
and explained by the change of distribution and a small amount of radioiron 
loss. The normal radioiron loss occurred mostly in the stool, mainly as blood loss 
and partly as the loss by exfoliation of mucous epithelia. A small quantity of 
radioiron loss in the urine due to the exfoliation of urogenital epithelia was 
suggested. 

2. The average normal iron loss rate was 0.030% per day or 0.89 mg per day. 
This normal iron loss figure is in reasonable agreement with the daily amount of 
iron absorption. 

3. The whole-body counter can detect a very minute amount of iron loss 
within a short period of time. This is the simplest and most accurate method 
for measuring the loss of body iron. 
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The Response of Disseminated Reticulum Cell Sarcoma 
To The Intravenous Injection of Colloidal Radioactive Gold’ 


Philip Rubin, M.D.°? and Seymour H. Levitt, M.D.* 


Rochester, New York and Oklahoma City 


Reticulum cell sarcoma in its disseminated form is a disease of grave prog- 
isis. It is unrelenting in its progression, and remission is rare. Although external 
irradiation can control some local manifestations, it is ineffective in the manage- 
ment of widespread visceral involvement. Chemotherapeutic agents as nitrogen 
mustard and cortisone derivatives are of palliative value but are short-lived in 
regard to their beneficial effects. They are helpful only sporadically, if at all. 

It is because of this poor overall prognosis in the disseminated form of dis- 
ease and inadequate response to the usual therapeutic agents that efforts have 
been made to find some other method of control. The use of radioisotopes in the 
treatment of diseases of the lymphoid system was first attempted with the use 
of p** in the late 1930's and early 1940's (5, 15, 18, 19, 22). The rationale for this 
use was the relatively high concentration of P** by rapidly metabolizing tissues 
such as bone marrow, liver and neoplastic cells. The subsequent irradiation ob- 
tained in the absorbing cells would lead to the irradiation of the tissue in ques- 
tion with relative safety to other parts of the body. 

Despite initial early enthusiasm the use of the isotopes was abandoned in the 
treatment of lymphomas by most investigators. The reason for this was the lim- 
ited response both symptomatically and objectively despite bone marrow de- 
pressing doses (5, 22). 

Colloidal radiomanganese followed by colloidal radiogold were the next 
istopes used by a number of investigators in the treatment of disease of the 
lymphoid macrophage system. Sheppard (28) initially reported on the use of col- 
loid radiogold in the treatment of lymphomas. The rationale for its use was that 
the coloidal radioisotopes localized in the lymphoid macrophage system (9) and 
could therefore theoretically give a desired selective radiation effect in diseases 
of this system. 

Specifically it was found that 60 to 90 per cent of the intravenously injected 
radiogold was firmly retained in the liver. It was phagocytized there by the 
reticulo-endothelial cells and thus distributed grossly in a uniform manner 
throughout the liver (2, 23, 27, 28). The remainder of the colloidal isotope was 
reported to be distributed about equally in spleen and bone marrow in the 
reticulo-endothelial cells. 


*Presented at the Nuclear Society Meeting, Montreal, Canada, June, 1963. 
*Chief, Division of Radiation Therapy and Radioisotopes, Strong Memorial Hospital, Uni- 
versity of Rochester Medical Center, Rochester, New York. 

*Chief, Department of Radiation Therapy, University of Oklahoma Medical Center, Okla- 
homa City, Oklahoma. 
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Because of this selective absorption, intravenous colloidal gold was used in 
the experimental treatment of leukemias, lymphomas and metastatic disease of 
the liver, with expectation of a selective radiation effect (9, 28). This agent was 
initially used intravenously for metastatic disease to the liver with little success. 
Interest in its use in diffuse reticulum cell sarcoma arose with the thought that 
there might be selective absorption by the tumor cells due to their reticulo- 
endothelial origin. 

PRESENT SERIES 


The course of diffuse reticulum cell sarcoma is invariably rapid and down- 
hill. In reviewing the charts of eighteen cases eligible for five year survival, it is 
noted that the survival for Stage II or Stage III forms of this disease is virtually 
nil (Table I). 

Of the two patients with disseminated disease treated in this manner, one 
has survived over five years (our only Stage II or III survivor). This unusual re- 
sult warrants further analysis. 


Case I. J.A. is a 47 year old male who presented with the following chronology: 

July, 1954: The patient was initially seen because of pain in the right 
shoulder of three months’ duration. Physical examination revealed a 1% to 2 cm 
right epithrochlear node. No other evidence of disease was noted. A biopsy was 
taken of the involved node and was diagnosed as reticulum cell sarcoma. There 
was no further treatment. 

April, 1955: While in Los Angeles, California the patient developed pain and 
swelling of the right arm which was thought to be due to lymphatic obstruction 


secondary to reticulum cell sarcoma. X-ray showed questionable subperiosteal 
bone reaction. He received 1918 r air to the right shoulder and 1087 r air to the 
right arm (280 KV) with a resultant decrease in swelling and pain. 

Aug., 1957: The patient was readmitted to Strong Memorial Hospital with 
a brief history of cough, dyspnea and recurrent epigastric distress. Physical ex- 
amination revealed an enlarged liver 4 FB below the right costal margin. No 
lymphadenopathy was noted. Chest x-ray (Fig. 1) revealed a mediastinal mass. 


TABLE I 
5 YEAR SURVIVAL 

Reticulum Diffuse 

Cell Ca. No. Treated 
Stage | 3 
Stage I] 4 0 
Stage III *11 g* 
Total 18 d 16.7 
Stage | —Grossly limited to one anatomic site 
Stage I] —Limited to two continuous lymphatic regions 
State III—Involvement of two or more distant lymphatic regions 

*Patient treated in Stage III with radioactive colloidal gold intravenously. 


Survival in Reticulum Cell Sarcoma, Strong Memorial Hospital (1952-1957). 
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GI series again showed a hiatus hernia. The patient received x-ray (280 KV) 
‘atment to the mediastinum. A tumor dose of 1500 r was given in 16 days with 
« mptomatic and objective relief. 

Oct., 1957: The patient continued to have epigastric distress. He was seen 
the New England Deaconess Hospital and treated with 2 MEV x-ray to the 
jigastrium with the supposition that the pain was due to enlarged celiac nodes. 
e received 1350 r tumor dose in 10 days with subjective relief. 

March, 1958: The patient returned with recurrence of epigastric pain. Phys- 
al examination revealed the liver to be enlarged 4 FB below the right costal 

:,argin and a left upper abdominal mass. GI series (Fig. 2) revealed involve- 
ment of the proximal stomach and distal esophagus by a mass. The patient was 
treated with 1 MEV x-ray to the upper abdomen and received a tumor dose of 
2100 r in 28 days. He obtained symptomatic and objective relief from this treat- 
ment. 

July, 1958: The epigastric pain recurred and was more severe. Physical ex- 
amination revealed the liver to be palpable 8 cm below the right costal margin. 
Au!®$ liver scan showed a liver of abnormal size with diffuse filling defects 
(Fig. 3a). A normal scan would occupy 25 to 28 lines. 

July 24, 1958: The patient was hospitalized and given 50 mc of colloidal Au!®* 
intravenously. The liver became exquisitely tender in 24 to 48 hours followed by 
reduction in liver size to 4 cm below the costal margin. Repeat liver scan shows 
homogeneous distribution of radioactivity (Fig. 3 b) and persistent hepatomegaly 


Nig. 1(a). Case I (J.A.): Enlargement of mediastinum with widening to the right side is 
noted on chest film. 
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Aug. 14, 1958: The patient returned to the emergency room because of pro- 
longed bleeding from his gums following a dental procedure. Physical examina- 
tion demonstrated widespread petechiae and ecchymosis. Laboratory examina- 
tion revealed prothrombin time to be 50 per cent (previous to Au’®*® Rx it had 
been 60%). Hgb, wbe and platelets decreased (Fig. 4). Bone marrow was hypo- 
cellular. The treatment was supportive. There was a gradual return of the peri- 
pheral blood to normal. 

Sept. 5, 1958: The patient was discharged from the hospital. There has been 
no evidence of recurrent disease since. 

June, 1963: Last follow-up visit. The patient is well, free of disease, with a 
palpable liver 2 FB cm and a normal peripheral blood picture and liver chemis- 
tries. 

Comment: This patient demonstrated a course of reticulum cell sarcoma 
which was initially Stage I and localized but gradually became generalized with 
new areas of disease developing rapidly. The disease was most responsive to 
x-irradiation at all times. At the stage of disease in which radiogold was used, he 
was apparently progressing toward a terminal phase. The intravenous radiogold 
has produced a five year remission in this patient. A spontaneous remission at 
this stage of the disease in our experience is unknown. 

Case II. F. J. is a 71 year old male with a past history of cholelithiasis, diverticu- 
losis of the colon and hiatus hernia. 





Fig. 1(b). Case I (J.A.): Return of mediastinum to normal following irradiation. 
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June 1, 1959: The patient was seen because of complaints of complete loss 
appetite, epigastric pain, nine pound weight loss and development of masses 
the right axillary and left supraclavicular areas. Physical examination revealed 

3 cm right axillary and supraclavicular nodes. A biopsy was done of the 
at supraclavicular mass and diagnosed as reticulum cell sarcoma. 

June 17, 1959: The patient was treated with 1 MEV x-ray therapy to the 
ilary, mediastinal and retroperitoneal areas. He received 3151 r tumor dose to 

axillary and supraclavicular areas and 2800 r tumor dose to the retroperitoneal 

a in 30 days. There was approximately 70 per cent regression of the axillary 
iSS. 


lig. 2(a). Case I (J.A.): Upper GI series six months pretherapy to stomach showing rugal 
coarsening. 
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July 1, 1959: The patient returned complaining of development of right upper 
cervical nodes. He received 2000 r skin (280 KV) in 13 days to the involved areas. 
There was almost complete disappearance of the cervical nodes. During the treat- 
ment to the cervical region, the right axillary nodes began to increase in size 
again. They were retreated to a skin dose of 1400 r skin in 9 days with no evident 
response. 

Aug. 19, 1959: Enlarged left inguinal nodes were noted. The left inguinal 
area was treated to a skin dose of 2000 r skin (280 KV) in one week with only 
a slight decrease in size. 

Oct., 1959: Because of a low hemoglobin value found on routine examina- 
tion, an iliac crest bone marrow biopsy was done. This showed depression of all 
elements and apparent hypoplasia. The findings were thought to be consistent 
with, but not diagnostic of reticulum cell sarcoma. 


Fig. 2(b). Case I (J.A.): Immediately prior to x-ray therapy to stomach showing pattern 
typical of lymphoma in very thick and irregular rugae in fundus. 
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Oct. 15, 1959: Because of continued and rapid progression of the disease 
id with the favorable response of J.A. in mind, the patient was treated with 50 
c IV colloidal Au’®*. He was followed closely with blood counts (Fig. 5). 

Oct. 30, 1959: The patient was readmitted to Strong Memorial Hospital be- 
use of progressive thrombocytopenia, anemia and low grade fever. The 
itient was treated with blood transfusions, steroids, etc. 

Oct. 13, 1959: The patient expired. 

Autopsy Findings: Reticulum cell sarcoma of the liver, spleen, lymph nodes, 
me marrow and jejunum. The bone marrow was hypoplastic. The spleen showed 
idence of necrosis of 75 to 80 per cent of the tumor nodules although the pe- 
pheral portions of the nodules tended to be viable. There was a large tumor 
ass in the liver, the central 4 of which was scarred tissue. Only one lymph node 
om the mesentery was sectioned; this showed neither tumor nor radiation effect. 

Comment: This patient’s disease course was more rapid from the onset and 


Pig. 2(c¢). Case I (J.A.): One year post x-ray therapy to stomach showing normal pattern of 
rugae. 
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the disease process did not respond so well to irradiation. as did the previou: 
case. In addiiton, prior to the injection of the radiogold, his bone marrow showe: 
evidence of depression. It is probable that the colloidal gold added the final in 
sult to an already diseased marrow with the subsequent death. 

Discussion: Radioactive gold administered intravenously in patients wit} 
lymphomas has never been successful in the past. Attempts by Hahn (9,11) mor 
than fifteen years ago in Hodgkin’s disease had yielded poor results. The reaso 
for this outcome is the inability of the intravenously injected radiogold to con 
centrate in normal lymph nodes unlike intralymphatic administration of this co] 
loid (6, 16, 20, 26, 30). 

What is the explanation for the successful outcome in the case (J.A.) of dis 
seminated reticulum cell sarcoma? The possibilities that present themselves foi 
consideration are: 

(1) Possible specific phagocytic activity by the reticulum sarcoma cells 

(2) Possible spontaneous remission; or 

(3) Fortuitous distribution of the disease so that it paralleled the distribu- 
tion of the radiogold. 

(1) Specific Phagocytic Activity by Reticulum Sarcoma Cells: The pos- 
sibility that the response in the first case was due to phagocytic activity by the 





°° re. 





Fig. 3(a). Case I (J.A): Liver scan using Rose Bengal I" eight days before treatment dose 
of colloidal gold showing diffuse filling defects. Hepatomegaly at this time is 8 FB 
cm. 
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oplastic cells because of their histocytic origin does not seem likely. External 
inning in other cases failed to reveal localization in known sites of adenopathy. 
e experience of Tristan et al (32) showed that although there was an increased 
icentration of injected colloidal radiogold in Letterer-Siewes disease (reticulo- 
lotheliosis) as compared to uninvolved tissue, the differential was not great 
ugh to produce a satisfactory response in the diseased tissue. It seems highly 
likely that a direct phagocytic response by the malignant cells is the reason for 
: favorable response. 

(2) Spontaneous Remission: Furthermore, it seems unlikely that a spontane- 
© .s remission would account for this result since in all of our previous experience, 
wen reticulum cell sarcoma became generalized, the disease has progressed 
unabated to death. However, this possibility can never be completely excluded. 

(3) Distribution of Disease Paralleling Distribution of Radiogold: Intra- 
venous radiogold is uniformly distributed throughout the liver and spleen and 


Fig. 3(b). Case I (J.A.): Liver scan one week after the intravenous injection of 50 mc col- 


loidal Au 198 showing a normal liver scan with disappearance of diffuse defect 
pattern. Liver edge is now 4 FB cm. 
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to a lesser degree in the bone marrow reflecting reticulo-endothelial cellula: 
activity (2, 23). The possibility of treating diffuse microscopic rather than nodu- 
lar metastatic liver deposits was suggested by Root and others (1, 23) in that 
the therapeutic usefulness of the B-emission of Au'®® is limited by bone marrow 
tolerance and doses of 50 millicuries are maximal. With 80% absorption in an en- 
larged liver 3000 to 4000 gm., the dose is equivalent to 1000 to + 200 rads in five 
days.! Thus, for this agent to be effective therapeutically, the neoplastic process 
must be radiosensitive, microscopic in deposits and diffuse and homogenous. 
It is postulated that our first patient met these criteria and also fortuitously had 
his disease distributed in a manner similar to the distribution of the administered 
radioactive gold. 

What are the hazards of intravenous radioactive gold (Au'’*)? Both cases 
point up the possible dangers inherent in the use of intravenous colloidal gold. 
Liver damage in humans has not been noted to be of consequence in the use of 
this agent. However, it should be noted that the usual doses of 50 to 100 mc. 
of the isotope IV have not been exceeded. These doses have been calculated 
to deliver 1200 to 2500 rads to the whole of the liver weighing 3000 gm. It is 
entirely feasible that liver damage of a severe nature could be produced by 
larger doses. Ingold, Bagshaw and Kaplan have shown in a well presented 
clinico-pathologic presentation that the tolerance dose for the liver resulting in 
a radiation hepatitis is 3000 r. Animal experimentation in rats (17, 29) and dogs 
(10) have shown the development of liver damage. Two investigators reported 
lesions resembling cirrhosis with associated jaundice, ascites and hepatic dys- 
function when doses to the liver of 24,000 reps and above were used and particu- 
larly when the Au’®* was given in divided doses (10, 17). 

Little has been written in the literature concerning what is probably the 
most serious danger in using intravenous radiogold. Bone marrow depression 
has primarily occurred in the treatment of leukemia and the cause of anemia in 
such patients is difficult to determine. Even recent reports have commented 
that there is a considerable amount of latitude in the allowable dose with “re- 
sultant negligible harmful effect on the bone marrow” (12). A small number of 
cases of bone marrow depression following intracavitary and intratumor injec- 
tion of radiogold have been noted (3, 23, 25). Much animal experimentation 
clearly indicates the depressive effects of intravenous colloidal gold and includes 
the development of leucopenia (33), thrombocytopenia (7, 8, 14) and aplastic 
anemia (10) depending upon the dose administered. 


W (gm) 2000 3000 4000 

Dp 1320 880 660 rads 
Dy 323 248 203 rads 
D (total) 1643 1128 863 rads 


1The y dose is a high proportion of the total dose. The dose calculation is based on the assump- 
tion of a spherical volume; where the y/8 ration is low this assumption is relatively unimpor- 
tant but in this case the y contribution is almost 25% and so the accuracy of the y dose may 
make a significant difference. 
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Both cases described in this report have shown the depressive bone mar- 
ow effect of the intravenous radiogold, one with fatal consequences. One pa- 
ient not reported treated for liver metastases also showed severe bone marrow 
lepression and eventually died because of uncontrolled hemorrhage. He was 
me of five cases so treated and the only one to receive a repeat course of 50 mc 
wr a total dose of 100 mc. The charts in Figures 4 and 5 trace the hematologic 
yicture in both patients. F.J. obviously had bone marrow suppression prior to 
reatment, but J.A. did not. This could help account for the fatal outcome in one 
1s opposed to the other. The problem of bone marrow depression seems to be 
losely related to the fact that the therapeutic ratio as determined by the dose 
‘equired for destruction of the diseased cells and the normal proliferating bone 
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Fig. 4. Case I (J.A.): Graphic illustration of response of peripheral blood following admin- 
istration of 50 mc. Au 


8 intravenously. 
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marrow is small. In a bone marrow already compromised by neoplastic replace- 
ment, the hemapoietic reserve may not be sufficient to overcome the effect of 
radiation. 


SUMMARY 


1. External radiation therapy remains the treatment of choice in localized 
reticulum cell sarcoma. 

2. Intravenous colloidal radiogold may be a useful agent in lymphosarcomas 
with diffuse minute neoplastic involvement of the liver and spleen, and possibly 
minimal bone marrow involvement. It is essentially of no use in the treatment 
of involved lymph nodes or large masses. 
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Fig. 5. Case II (F.J.): Graphic illustration of response of peripheral blood to 50 mc. Au 
intravenously. 
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3. Intravenous colloidal radiogold can produce bone marrow depression and 
thrombocytopenia which can lead to death. Patients so treated should be care- 
fully followed with complete blood counts including platelet levels. A definite 
hypopasia of the bone marrow or anemia is a contraindication for the use of 
this agent. 

4. No more than 50 mc. Au!’ intravenously should be used for treatment 
if this disease. 
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Stimulation of Erythropoietin Production 
By Whole-Body Irradiation (Spleen Shielded )'* 


Abraham Gutnisky, Mary Lou Nohr, and Donald Van Dyke 
Berkeley, California and Argentina 


Sublethal whole body irradiation with the spleen shielded is followed within 
a day or so by development of increased erythropoiesis in the spleen (1). The 
rapid development of increased erythropoiesis in the shielded spleen occurs in 
the absence of any known stimulus to erythropoietin production (anemia, hy- 
poxia, or excess cobaltous ion concentration), and has not been fully explained 
(2, 3, 4). This study investigated the mechanism of such stimulation in an attempt 
to clarify the role of erythropoietin in this response. 


MATERIAL AND METHODS 


Highly inbred male rats of the Buffalo strain weighing 100-200 g were used. 
Except where stated otherwise all rats underwent the same procedure: The spleen 
was surgically exteriorized, was held in a “coffin” of 3-mm lead during irradiation 
(or for the same time without irradiation), and then was replaced in the body. 
The variables were irradiation with or without shielding of the spleen, and hyper- 
transfusion. Group I were normal controls (neither irradiated nor hypertrans- 
fused). Group II were hypertransfused (not irradiated). Group III were irradi- 
ated controls (given total body irradiation without spleen shielding and without 
hypertransfusion ). Group IV were hypertransfused and given total body irradia- 
tion. Group V were irradiated with the spleen shielded but were not hypertrans- 
fused. Group VI were irradiated with the spleen shielded and were hypertrans- 
fused. 

Rats were hypertransfused by being given 2.0 ml packed red cells per 100 g 
body weight (washed once with 0.9% saline solutions) intravenously on days 1 
and 2. On day 3 all rats except Groups I and II were irradiated. Since hypertrans- 
fusion stops iron utilization and provides excess iron, those rats that had not been 
hypertransfused were given 4 mg of iron as an iron-dextran complex (Imferon) 
to ensure adequate iron stores in all groups. 


‘From the Donner Laboratory of Medical Physics, Lawrence Radiation Laboratory, Uni- 
versity of California, Berkeley, California, and the Consejo Nacional de Investigaciones Cien- 
tificas y Tecnicas, Argentina. 

*This work was supported in part by the United States Atomic Energy Commission. 
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On day 6 all rats were given 0.5 wc Fe*® intravenously. Five hours following 
Fe*® administration, blood was drawn from the tail vein for hematocrit and 
reticulocyte count, and, in some instances, for platelet and leucocyte count. The 
rats were anesthetized and as much blood as possible was drawn from the abdom- 
inal aorta. Through the needle in the aorta and with the jugular vein cut, the 
rat was perfused with 0.9% saline solution until the heart stopped beating. The 
completeness of perfusion was determined in a separate group of rats by giving 
Fe*® labeled red cells intravenously prior to perfusion and determining the Fe*® 
content of the spleen. The spleen was found to contain 0.16 ml of blood following 
perfusion and the values given for spleen uptake have been corrected for con- 
tained blood. The spleen was weighed and counted for Fe*® content in a well-type 
scintillation counter, and spleen smears were made for morphologic study. The 
smears were stained by LoBue’s modification of Ralph’s hemoglobin staining 
technique (5). The liver was weighed and counted for Fe*® content. The tibia 
was counted for determination of Fe*® uptake. The Fe®® content of both plasma 
and red blood cells was determined. The results were calculated on the basis of 
a blood volume of 5 per cent of body weight (6) for the nonhypertransfused and 
7 per cent for hypertransfused rats. 


The radiation conditions were similar to those previously used (1-4). Each 
rat was exposed singly under Pentomeph anesthesia. Radiation was generated at 
220 kV 15 mA with a rate of 70 r per minute and a tube distance of 11 inches. 
Two filters were used: 1.0-mm Cu and 1.0-mm Al. The dose was calibrated by 
using a polyethylene phantom and a Victoreen ionization chamber. The dose to 
the body was 560 r in all instances. The dose inside the spleen shield was meas- 
ured by inserting x-ray film and calibrating the developed film with a densitom- 
eter. The maximum dose to the shielded spleen was 0.5 r just inside the aperture 
for the splenic mesentery, and 0.2 r over the main mass of the spleen. 


The responsiveness to erythropoietin was determined by using graded doses 
of hormone prepared by the collodion adsorption method (7) from the urine of a 
patient with aplastic anemia (8). The preparation used had been standardized 
against a sample of Standard A provided by the Division of Biological Standards, 
Medical Research Council of Great Britain, and was shown to contain 9 standard 
A units per mg. 


The effect of erythropoietin antibodies on spleen-shielded rats was tested by 
use of serum from rabbits immunized with erythropoietin (9). The anti-erythro- 
poietin activity of the rabbit serum had been determined by its ability to inhibit 
erythropoiesis in normal mice (10). Serum from normal rabbits or saline solution 
was given to the controls. 


The studies on the rats were made on the third day postirradiation in order 
to be well in advance of the development of anemia. Five hours after Fe®® ad- 
ministration was chosen for autopsy, as that has been shown to be the time of 
maximal iron incorporation in the spleen of normal rats (11). 


The rats used in this study were demonstrated to be free of Bartonella when 
splenectomized rats of the same strain failed to develop anemia after splenec- 
tomy. 
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RESULTS 


The results for the six primary groups are presented in Table I. As can be 
seen from the table, irradiation of the body with the spleen shielded (Group V) 
resulted in the well-known increase in erythrocyte precursors (normoblasts) in 
the spleen and in splenic radioiron incorporation (1-4). Splenic iron incorpora- 
tion in this group was twice that in the nonirradiated controls (Group I). Com- 
bining hypertransfusion with irradiation and spleen shielding (Group VI) not 
only abolished the increase in splenic erythropoiesis that characterically follows 
irradiation, but even reduced the iron uptake to the level of the nonirradiated 
hypertransfused controls (Group II). 

Administering rabbit serum (2 ml subcutaneously ) containing erythropoietin 
antibodies immediately after irradiation and on each of the two following days 
(Table II) again abolished the increase in splenic Fe*® incorporation expected 
in the shielded spleen, and reduced the incorporation nearly to the level found 
after total body irradiation (Table I, Group III) or in hypertransfused spleen- 
shielded rats (Table I, Group VI). Platelet and leucocyte counts and leucocyte 
differential counts done on the rats in this experiment showed no significant dif- 
ference between the antibody-treated and the control groups. These results indi- 
cate that erythropoiesis in the shielded spleen is controlled by erythropoietin. 

The sensitivity of normal rats and irradiated spleen-shielded rats to various 
doses of erythropoietin was compared. Spleen-shielded rats were given erythro- 
poietin subcutaneously 1 hour after irradiation and on the two days following; 
normal rats were given the same doses of erythropoietin at the same times; all 
were autopsied by the same schedule for comparison. The results are summarized 
in Table III and Figure 1. As can be seen from Figure 1, the injection of two 
units of erythropoietin, which had little effect on splenic iron incorporation in 
normal rats, had a maximal effect on Fe*® incorporation into the spleen of irradi- 
ated spleen-shielded rats. The dose-response curve rises rapidly for the shielded 
spleen. These data demonstrate that normal rats would require a very large dose 
of erythropoietin to induce splenic Fe*® incorporation comparable to that found 
in irradiated spleen-shielded rats. 


TABLE II 


SUPPRESSION OF SPLENIC ERYTHROPOIESIS By ANTI-ERYTHROPOIETIN AFTER 
WHOLE Bopy X-IRRADIATION WITH SPLEEN SHIELDED 


Fe®® uptake 
Number (%) Normoblasts Reticulo- 
Treatment of rats = in spleen cytes 
Spleen RBC %) (%) 
Anti-erythropoietin 6 0.5+0.1* 0 0.6+ 0.4:0.02 + 0.02 
Normal rabbit serum 33.6424 9543.3 2164+ 390.7 +04 
Saline 21.6+0.7 7342.9 366+ 19.9 0.6 + 0.3 


*Standard error of the mean. 
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Comparison of the starting points of the curves in Figure 1 suggests that the 
irradiated rat has either a very high concentration of erythropoietin or a marked 
increase in sensitivity to normal concentrations of erythropoietin, or a combina- 
tion. Twelve attempts were made to measure the titer of erythropoietin in the 
serum of irradiated, spleen-shielded rats, using the hypertransfused mouse assay 
(12). On five occasions, there was a suggestion of an elevated titer in serum; on 
seven occasions the results were clearly negative. 

To demonstrate further the effect of irradiation of the rest of the body on 
the slope of the erythropoietin dose-response curve in the spleen, rats were hyper- 
transfused to inhibit endogenous erythropoietin production; half the group was 
irradiated with the spleen shielded and the other half was not irradiated (sham- 
operated ). Each group was then given various doses of erythropoietin and the 
effect on splenic Fe*® incorporation was compared. Table IV and Figure 2. Al- 
though the minimum effective dose for the irradiated and nonirradiated rats was 
the same, the slope of the curve was increased by irradiation. 

Comparing the control values from Figures 1 and 2 indicates that endogenous 
erythropoietin in the nonirradiated rat is equivalent to the injection of 1.5 units 
of erythropoietin, whereas endogenous erythropoietin in the irradiated rat is 
equivalent to the injection of approximately 3 units; this suggests that irradiation 
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results in a doubling of endogenous erythropoietin. Thus, the increase in splenic 
erythropoiesis that follows irradiation is apparently the result of a doubling of 
concentration of erythropoietin as well as an increased responsiveness of the 
spleen to the hormone. That increased responsiveness alone does not account for 
the accelerated erythropoiesis in the shielded spleen is further demonstrated by 
the experiment summarized in Table V. This experiment was designed to demon- 
strate that following suppression of endogenous erythropoietin by hypertransfu- 
sion, a dose of 1.5 units of erythropoietin was sufficient to increase splenic Fe*® 
incorporation to the level of the nonhypertransfused, nonirradiated control rats, 
but was not sufficient to raise splenic Fe*® incorporation to the level of the irra- 
diated control. By comparing these results with the dose-response curves in 
Figure 1, one again sees that the response obtained in the shielded spleen (Group 
V, Table I) would require -wice the dose needed to obtain the Fe*® uptake of 
the nonirradiated rat (Group I, Table I). 

Liver uptake of Fe*® in all cases was the reverse of the splenic uptake; up- 
take in tibiae was suppressed by irradiation and did not contribute to interpreta- 
tion of the results. 


DISCUSSION 


It has been demonstrated that extramedullary erythropoiesis in the lead- 
shielded spleen following total body irradition can be enhanced by administration 


TABLE III 


RESPONSE OF NORMAL OR IRRADIATED (SPLEEN-SHIELDED) RATS 
TO ERYTHROPOIETIN 
Fe®® uptake 
Dose Number (%) 


Normoblasts _Reticulocytes 
(Std. A of rats 


in spleen (%) 





units) 
Trradiated 

9 
4.5 
2 
0.7 
0.07 
(Saline) 


Spleen 


33.2 + 2.2* 
30.7 + 0.6 
33.5 + 2.0 
27.5 + 1.1 
29.9 + 3.4 
17.5 + 2.0 


RBC 


18.0 + 3.6 
20.3 + 1.8 
9.0 + 0.8 
4.64 2.2 
5.5 + 2.7 


(%) 


25.4 + 4.9 
15.6 + 1.9 
24.9 + 6.2 
16.5 + 1.4 


18.0 + 3.2 


1.8 + 0.6 
2.4 +03 
1.5+ 0.2 
0.7 + 0.2 
0.7 + 0.2 


17.6 + 2.2** 


0.9 + 0.3 





Normal 
9 29.2 + 2.4 
4.5 14.8 + 1.8 
2 17.6 + 3.6 
(Saline) 10.6 + 1.4 


7.74 1.2 
9.4+ 0.8 
9.4 + 0.4 
5.7 + 0.6 


9.9 + 4.8 


6.6 + 1.3 
4.8 + 1.3*** 
*Standard error of the mean. 


** Average from 12 rats. 
*** Average from 9 rats. 
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of exogenous erythropoietin, and depressed by prior hypertransfusion or by the 
administration of erythropoietin antibodies. This is considered to be evidence 
that splenic erythropoiesis is, like normal medullary erythropoiesis, under erythro- 
poietin control. Thus, the increase in splenic erythropoiesis that occurs following 
irradiation of the rest of the body is due to an effective increase in erythropoietin 
concentration in the absence of any known stimulant to erythropoietin production 
(anemia, hypoxia, or cobalt ). 

The response of the shielded spleen to increasing doses of erythropoietin has 
demonstrated an increase in the slope of the response curve over that in non- 
irradiated controls. To achieve the type of response seen in the shielded spleen 
requires increasing (doubling) the amount of erythropoietin introduced into the 
circulation. A decrease in rate of removal of erythropoietin from the circulation 
(13) or an increase in number of responsive cells (14) could account for the 
increased slope of the dose-response curve, an effect that would be equally opera- 
tive for endogenous and exogenous erythropoietin. In order to duplicate the re- 
sponse obtained with endogenous erythropoietin, twice as much erythropoietin 
must be introduced into the irradiated spleen-shielded rat (in which endogenous 
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Fig. 2, Effect of various doses of erythropoietin on splenic radioiron incorporation in irradi- 
ated (spleen shelded) and normal rats in which endogenous erythropoietin production 
had been abolished by hypertransfusion. 
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erythropoietin production has been suppressed by hypertransfusion) as into the 
nonirradiated control; this indicates that whatever other changes occur, endoge- 
nous erythropoietin production doubles following irradiation. The concentration 
of erythropoietin may be considerably more than doubled if decreased rate of re- 
moval of the hormone accompanies a doubling of production. 

Multiple attempts to measure the increased erythropoietin level in serum of 
irradiated spleen-shielded rats were inconclusive. The titer following irradiation 
was not sufficiently elevated to be demonstrable by the relatively insensitive assay 
methods currently available. 

Although Eskuche and Hodgson (15) have concluded that total body irradia- 
tion does not further elevate the erythropoietin titer resulting from a given de- 
gree of anemia in rats, Stohlman and Brecher (13) found higher erythropoietin 
levels in irradiated than in nonirradiated animals exposed to a similar degree of 
hypoxia. Pesic et al. (16) have recently presented evidence suggesting that fol- 
owing total body irradiation in normal dogs the titer of erythropoietin may rise 
to measure levels. The present results confirm the suggestion by Stohlman and 
Brecher (17) that immediately following irradiation an animal is more sensitive 
to erythropoietic stimuli. 

If one accepts the evidence as indicating an increased rate of entry of 
erythropoietin into the circulation, what is the mechanism? The known stimuli 
to increased erythropoietin production are hypoxia, anemia, and an excess of 
cobaltous ion, none of which appears to be a factor in this experiment. Is it 
possible that what appears to be increased production of erythropoietin is simply 


TABLE IV 


EFFECT OF VARIOUS DosEs OF ERYTHROPOIETIN ON RETICULOCYTES AND FE*® 
UPTAKE IN SPLEEN AND RED CELLS OF HYPERTRANSFUSED RATs, 
IRRADIATED (SPLEEN SHIELDED) AND NOT IRRADIATED 


Reticulocytes Fe*® uptake 

Dose Number % (%) 
(Std. A of rats —————————— : 
units) 
Irradiated, hypertransfused 

+ 5 0.07 + .02* 

2 5 0.044 .02 

0.5 5 0.02+ .02 

(Saline) 3 0 


IT ypertransfused control 
4 5 2 
2 5 iy 
0.5 5 1. 
(Saline) 4 0. 


*Standard error of the mean. 
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release of stored hormone into the circulation through damaged cell membranes? 
This does not appear to be the case, as hypertransfusion—which would not be 
expected to alter cell permeability significantly—completely abolishes the effect. 
The dose of radiation used may cause sufficient alteration in hemodynamics to 
result in areas of local hypoxia, producing an erythropoietin release. These studies 
do not answer the questions that might be raised, and such speculations are pre- 
sented only because one hesitates to propose radiation as an entirely new and 
different stimulus to erythropoietin production. 


SUMMARY 


Increase in erythropoiesis in the spleen as a result of irradiating the remainder 
of the body has again been demonstrated. That the erythropoiesis in the shielded 
spleen can be abolished by hypertransfusion or administration of erythropoietin 
antibody and enhanced by administration of exogenous erythropoietin indicates 
that erythropoiesis in the shielded spleen is, like normal marrow, under erythro- 
poietin control. 

Since erythropoietin production is apparently increased in the absence of 
any known stimulant (anemia, hypoxia, or increased cobaltous ion concentra- 
tion ), it is suggested that irradiation may be a stimulus to the release of increased 
amounts of erythropoietin into the circulation via a mechanism not yet under- 
stood. 

The results of this study indicate that increased erythropoiesis in the shielded 
spleen following irradiation results from a combination of doubling the erythro- 
poietin production and increasing the sensitivity to erythropoietin. 
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INTRODUCTION 


It has been shown previously (1) that 0.9 mg of serotonin with either 1.2 mg. 
of 2-aminoethylisothiuronium (AET) or 2.4 mg of 2-mercaptoethylamine (MEA), 
dose expressed as free base per mouse, afforded 70 to 80 per cent 30-day survival 
to young CF, mice exposed to 1100 r acute whole-body X-radiation; the 
LD 00/30-aay Value for these mice being 650 r. 

Preliminary studies in this laboratory (unpublished data) revealed that giving 
all three of these agents—serotnin, AET, and MEA in a single injection—produced 
increased survival to radiation doses above 1100 r. 

Isologous bone marrow given post-radiation has been demonstrated to pro- 
vide survival from supra-lethal radiation (2), and has been shown to enhance 
protection offered by chemical agents given pre-radiation (3, 4). 

The present study was carried out to find increased survival from acute 
whole-body X-radiation with minimal therapeutic toxicity, using the above three- 
chemical mixture pre-radiation, and isologous bone marrow post-radiation. 


METHODS 


Four hundred and forty-two female C,H mice, 20 to 25 gm, 90-105 days 
old, were employed. X-rays of 250 KVP with a half-value layer of 1.1 mm Cu were 
delivered at a rate of approximately 150 r/min. The mice were irradiated in a 
shallow lucite cage 30 cm in diameter, containing ten sectored compartments. To 
insure uniform irradiation the cage was placed on a rotating table during ex- 
posures. Dosimetry was carried out with a 250-r (Victoreen) thimble chamber 
placed in a hollow paraffin mouse phantom with phantoms in all other compart- 
ments. Mortality was recorded daily. Laboratory chow and water were allowed 
ad libitum. 


'U. S. Army Medical Research Laboratory, Fort Knox, Kentucky 

*Present address: Southwest Medical Center, 3915 Watson Road, Saint Louis 9, Missouri. 
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The mice were irradiated in four groups as follows: A) control (no treat- 
ient), B) marrow only, C) chemical mixture only, containing 0.35 mg serotonin, 
85 mg AET, and 2.0 mg MEA (free base per mouse), D) chemical mixture 
lus bone marrow. 

The chemical mixture was prepared in saline, under aseptic conditions just 

rior to injection. Neutralization did not improve results and was not done in 
1ese experiments. The mixture in a volume of 0.6 ml was administered intra- 
seritoneally 7 to 10 minutes prior to irradiation. 

Isologous marrow was prepared on the day of irradiation from C,H mice 
of the same age and sex as the recipients. Marrow “plugs” were flushed through 
a syringe without a needle, using TC-199' as diluent. The suspension was kept 
in an ice bath or stored at 5°C. All equipment in contact with marrow was 
siliconized. Heparin was unnecessary as clumping did not occur. Approximately 
6 x 10° nucleated cells in 0.5 ml were injected in the tail vein through a No. 27 
gauge needle within 4 hours post-irradiation. 


RESULTS 


The LD, 5/2) value for the control group was approximately 680 r as shown 
in Table I. Bone marrow given post-radiation increased the value to 1100 r. With 
chemicals only, 84 per-cent survival was observed at 1400 r with the LD,,/.. in- 
creased to about 1500 r. When the chemical mixture was given pre-radiation and 
bone marrow post-radiation (Group D) 91 per cent survival occurred at 1700 r, 
and 52 per cent survival at 2000 r (Table II). Thus, in terms of 30-day survival 
the chemical mixture gave a dose reduction factor of approximately two (Fig. 1). 

Seven deaths were found within 30 minutes of the chemical mixture injection 
in 212 animals (3.3 per cent). An additional death occurred during marrow injec- 
tion and was attributed to air embolis. There were thus eight deaths in the 282 
treated animals (2.8 per cent). These deaths were not included in the survival 


‘Difco Laboratories, Detroit, Michigan. 
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D) CHEMICALS + MARROW (2000) 





1000 
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Vig.1. Increase in median lehtal dose on probability plot by chemicals and/or marrow. Com- 
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chemicals. The additive effect of marrow is shown in D. 
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data; no other deaths occurred in the entire experiment until the fourth post-irra- 
diation day, and these were considered to be radiation-induced. 

Observation was continued until 90 days post-irradiation. Delayed mortality, 
that is, death beyond 30 days post-irradiation, appeared in the “chemical only” 
group (Group C) at 1200 r, but not in the few survivors of the “marrow only” 
group (Group B) at the same exposure. Delayed death, however, was more 
obvious in the dose ranges above 1200 r (Fig. 2). 


DISCUSSION 


In the above experiments 52 per-cent 30-day survival at 2000 r demonstrates 
the effectiveness of this chemical mixture-marrow combination against the acute 
lethal response to whole-body X-irradiation. These results compare favorably 
with those reported by Urso, et. al. (3). Using the combination of 2-mercapto- 
ethylguanidine (MEG) and marrow, they noted an increase of the LD,o/39 of 
CAF, mice to 1800 r from a control value of 700 r. MEG represents the rear- 
ranged product of neutralized AET. In a similar study Burnett and Doherty (4) 
noted the additive effects of AET, marrow, and streptomycin in (101 x C,H)F, 
mice. 

The significance of the mouse strain used for evaluation is exemplified by 
the work of Doherty and Burnett (5), who found that at 800 r X-irradiation, 17 
to 18 »M AET (2.2 mg free base per mouse) yielded 88-per-cent survival of 
(101 x C,H) F, mice, but only 33-per-cent survival of C,H mice. 

Toxicity has been a major concern with radioprotective compounds when 
used in the amount necessary to produce significant protection. Urso (4) noted 


a 50-per-cent mortality from 9.0 mg AET* Br* HBr (4 mg free base) in the CAF, 
mouse. In female C.H mice, the LD;, for AET is about 5.0 mg free base per 
mouse (6), and 5.4 mg free base per mouse for MEA (7). 

Doses (as free base) up to 1.8 mg serotonin, 2.4 mg AET, and 2.34 mg MEA 
have been individually given in this laboratory to female C,H mice without mor- 
tality. In these doses none of the agents produce more than 70-per-cent survival 
at 800 r X-radiation. However, when 0.35 mg serotonin, 0.35 mg AET, and 2.0 


TABLE I 


30-DaAy SURVIVAL OF UNTREATED (GRouP A) FEMALE 
C;H Mice At VArRious DosEs OF RADIATION 


No. of X-Ray 30-Day Survival 
Mice Dose (r) alive/total 





20 600 15/20 
30 650 21/30 
20 700 7/20 
30 750 5/30 
30 800 2/30 
20 850 0/20 
10 900 0/10 
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Vig. 2. Comparison of 30 and 90-day survival periods. 


mg MEA are combined in a single injection, the results are strikingly different— 
84 per cent survival at 1400 r (Table III). 

The mechanism of action of these compounds remains unknown. Sulfhydryl- 
containing compounds are thought to have a related mechanism (5, 6, 7); sero- 
tonin, not containing sulfhydryl, would thus have a different action. Others (8, 9, 
10, 11) regard the profound systemic (anoxic) reaction as possibly being the 
“protective” factor. Whether a biochemical or physiological reaction is the pri- 
mary mechanism will probably remain unanswered until radiation injury itself is 
better understood. 

When considering the action of a group of radioprotective agents given 


TABLE II 


EFFECTS OF CHEMICAL MIXTURE AND/OR MARROW ON 30-DAy SURVIVAL OF 
FEMALE C3H MICE EXPosED TO SUPRA-LETHAL DOsES OF RADIATION 


Treatment 
Group No. of X-Ray Chem. Bone Therapeutic 30-Day Survival 
Mice Dose (r) Mix. Marrow Mortality alive/total 


27/30 
11/20 
2/20 


30 1000 
20 1100 
20 1200 


ao © © 


20 1200 
40 1400 
1700 


17/18 
32/38 
4/29 


mm bo bo 


30 1400 
D 48 1700 
44 2000 


29/30 
43/47 
22/42 


on) 


(a) One death attributed to air embolis. 
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simultaneously, more questions are raised than are answered. Synergistic radio- 
protective action seems apparent from the fact that the eflect of the mixture is 
far greater than combined effects of the individual agents (Table III). That these 
desirable results are not accompanied by synergistic toxic reactions, in terms of 
drug mortality, is a fortunate occurrence. This suggests that the agents have dif- 
ferent mechanisms of action. 

Isologous marrow, on the other hand, would act in a reparative rather than 
a preventive fashion. Fortunately, the action of marrow is retained following 
chemical protection pre-irradiation. This would logically follow if we assume 
that chemical protection exerts its effects through “dose reduction.” For example, 
2000 r, given after chemicals with a dose reduction factor of two, would have the 
effect on the animal of 1000 r, and at the latter dose marrow is beneficial. Or- 
dinarily, marrow is of no benefit at 2000 r. 

The precise meaning of dose-reduction is not entirely clear. As Mole has 
pointed out (11), when chemical protection is employed radio-resistant members 
of a group become more resistant, while sensitive members remain so. This results 
in a statistically significant change in slope of the dose-mortality curve. Isologous 
" marrow produces “all-or-none” results, roughly parallel to the steep dose-mortality 
curves of radiation alone. From our results when chemicals and marrow are 


D.) CHEMICALS + MARROW 


C) CHEMICALS 


B) MARROW 


X- RAY DOSE 


A) CONTROL 





i0 305070 90 99 
% 30 DAY MORTALITY 





Fig. 3. Dose-mortality curve as influenced by treatment with chemicals and/or marrow. Note 
change of slope in groups C and D. 
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ombined, the chemical effects predominate yielding a slope similar to chemicals 
lone (Fig. 3). 

Comparison between the LD,.,3) for controls (680 r) and marrow only 
1100 r) reveals a difference of about 400 r. Comparison between the LD, o/s. for 
hemicals (1500 r) and chemicals plus marrow (2000 r) shows a difference of 
‘bout 500 r. The variation of 400 and 500 r is not great; thus, the enhancement 
if protection by marrow is additive when used with chemicals. 

By employing 90-day survival instead of the generally used 30-day survival 
period, the dose-reduction factor at exposures above 1000 r becomes less than 
iwo, as shown in Figure 2. Whether this delayed (beyond 30 days) mortality is 
dependent on radiation alone, or due to the failure of treatment to protect certain 
organ systems, is not known. 

Nonetheless, we feel that this demonstration of protection to acute radiation 
injury with minimal therapeutic toxicity by a combination of known effective 
agents lends itself well to studies of other mammalism systems, including man. 
As new agents become available and mechanisms of their actions become better 
understood, increased understanding of the pathogenesis of radiation injury 
would be the logical result. 


CONCLUSIONS 


Using a mixture of three radioprotective chemicals—0.35 mg of serotonin, 
0.85 mg of AET, and 2.0 mg of MEA (dose expressed as free base per mouse )— 
the LD5o/s0.aay €xposure value was increased from 680 r to 1500 r X-radiation 


given to female C,H mice. Combining this mixture pre-radiation with isologous 
marrow post-radiation, 91 per-cent 30-day survival at 1700 r and 52 per-cent 30- 
day survival at 2000 r X-radiation was obtained. 


TABLE III 


COMPARISON OF RADIOPROTECTIVE CHEMICALS GIVEN INDIVIDUALLY, 
AND AS A MIXTURE 


Chemical Mg Free X-Ray %, 30-Day Dose Reduction 
10 min. Pre-Rad  Base/ Mouse uM/ Mouse Dose (r) Survival in r 


Serotonin : 10 800 50 120 
AET : 20 800 70 150 
MEA : 30 800 20 75 


345 r (a) 


Mixture of: 
Serotonin 0.34 2 
AET 0.85 7 
MEA 2.0 25 


(a) Sum of dose reduction of individual agents. 
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Seven deaths occurred within 30 minutes of injection of chemicals to 212 ani- 
mals (3.3 per cent). One additional death was attributed to air embolis at the 
time of injection. All other deaths were considered radiation induced. 

It is suggested that effective protections with reduced toxicity is attained 
through synergistic chemical action, plus the additive action of marrow. The 
mechanisms remain unknown. 
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The Elasticity of the Cranial Blood Pool’ 


Masami Kitano, M.D., William H. Oldendorf, M.D.* 
and Benedict Cassen, Ph.D.* 


Los Angeles 


It is generally recognized that the cranial cavity is quite inelastic, and any 
increase in volume of its contents quickly results in an increase in intracranial 
pressure. The incompressibility of the cranial contents has been expressed in the 
Monro-Kellie Doctrine. One can easily increase the volume of intracranial contents 
by occluding the venous drainage from the head. The arterial supply to the head 
continues until the venous pressure rises sufficiently to overcome the obstruction. 
The Queckenstedt maneuver, familiar to all clinicians, is the commonly practiced 
technique for elevating intracranial pressure and consists of bilateral jugular 
compression with resultant elevation of spinal fluid pressure as measured in the 
lumbar subarachnoid space. In general, this is used to test the patency of the sub- 
arachnoid space between the cranial cavity and the lumbar subarachnoid space. 

Several studies on the effect of increased jugular pressure or intracranial pres- 
sure on cerebral hemodynamics have been reported. Many investigators believe 
that moderate elevation of venous pressure would be unlikely to significantly de- 
crease cerebral blood flow (1). Moyer et al (2) reported that cerebral blood flow 
was not affected by obstructing the venous outflow of blood from the brain. 

During the course of some studies of cerebral circulation (3, 4), we had oc- 
casion to measure the cranial blood pool volume after the introduction into the 
circulating blood pool of Radioactive Iodinated Serum Albumin (RISA). 

With the application of measured pressure to the neck the cranial blood 
volume increases rapidly and plateaus at a new higher level. We have assessed 
three aspects of this phenomenon. 1. The relationship between the height of this 
final plateau value and the amount of pressure applied to the neck. 2. The pos- 
sibility of applying this test as a dynamic study of symmetry of cranial venous 
drainage, which is quite different from individual to individual. 3. The interest- 
ing possibility of applying this technique as a plethysmographic measurement of 
blood flow into the cranium. 
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METHOD 


Head monitoring apparatus was used, the same as used in our study of 
cerebral circulation, and uptake of radioisotope as previously reported (4,5). 
The monitoring apparatus consists of a pair of large thallium-activated sodium 
iodide crystals, 62x 1% inches, arranged as shown in Figure 1, recessed 5 cm in 
a solid lead shield with a long axis approximately paralleling the long axis of the 
brain mass. This is tilted 10° to the horizontal plane of the patient. Photomulti- 
plier tubes are coupled to the lower end of each crystal. The scintillations pro- 
duced by gamma rays interacting with the crystals produce voltage pulses which 
are counted and recorded on a digital printer at one second intervals. The cor- 
recting lead plates, dimensions 4x 2075 mm, are arranged as shown in Figure 2 
to aid in flattening the field by minimizing the pickup from the lateral superficial 
tissue. With this arrangement of crystals and correcting plates, the combined out- 
put of the two crystals gives reasonably uniform sexsitivity for all regions of the 
head above the cranial floor. With this detection system there is some pickup of 
radioactivity below the floor of the cranium, particularly in the midline structures 
as well as a contribution from the scalp, skull, and meninges. With such a uni- 
form arrangement it is possible to calibrate the instrument using a water-filled 


Fig. 1. A commercial radiological phantom in position. This device allows calibration of the 
equipment using a standard radioactive source. The position of one crystal is shown 
by the solid outline and the collimator opening by the dashed lines. 
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commercial radiological phantom shown in Figure 1. This phantom closely ap- 
) oximates the human head from a physical standpoint. 
We were initially interested in measuring the volume of the cranial blood 
ol. After calibration of the instrument with a 1.4 microcurie mock iodine 
source in the radiological phantom, a known dose of RISA (5 microcuries) was 
injected intravenously. An 8 cc specimen of venous blood was withdrawn from 
te opposite arm after 10 minutes was allowed for mixing. From this the total 
hiood volume was measured with a commercial Volemetron machine. At the same 
time the amount of radioisotope seen in the cranium was also measured by our 
monitoring system, and from this measurement the proportion of the total admin- 
istered dose was derived. By this technique we arrived at brain blood volume of 
the order of 200 cc, or about 3 to 4 per cent of the total blood volume. There is, of 
course, an inevitable contribution from scalp and skull. This will be minimized 
by having a detection system as described above, which is uniform for depth and 
which does not cause accentuation of surface structures by inverse square or by 
internal absorption of rays emerging from the center of the cranium. While the 
patient was being counted it was quite evident that slight jugular compression 
resulted in visible increase in the amount of iodine seen by the cranial detectors. 
The increase following the digital compression on the right, left, and both jugular 
veins is shown in Figure 3. 

From this it was decided that some attempt at quantitation of the change 
in isotope content could be made from a measured increase in pressure applied 
to the neck by a modified blood pressure cuff. 

The neck compression apparatus consists of a 9 gallon metal tank with an 
attached mercury manometer which can be pumped up to predetermined pres- 
sure by a foot pump. An electrically operated valve connects this tank to a blood 
pressure cuff which is loosely applied to the patient’s neck. Care is taken so that 
no significant compression exists in the zero pressure state. 
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INDICATING ARRANGEMENT OF CRYSTALS SEEN FRONTALLY 


Fig. 2. Diagrammatic arrangement of head within the shielded crystals. The flat objects be- 
tween the head and crystals are correcting plates making the sensitivity more uniform 
for depth. The external ear and bridge of the nose are used for positional reference. 
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As shown in Figure 4 the patient is placed in a supine position and the head 
positioned between the sodium iodide crystals, using the external auditory meatu; 
and the bridge of the nose as reference points. A dose of 25 microcuries of RISA 
is injected into an antecubital vein and allowed to become distributed throughout 
the total blood pool. When such an injection is made with a poorly diffusible 
substance such as labeled serum albumin the cranial content gradually becomes 
stable after about 5 minutes, as shown in Figure 5. 

After the head count is continuously recorded every second for 20 to 30 sec- 
onds as a control level, sudden pressures at 20, 30, 40, 50 and 60 mm mercury are 
applied to the neck cuff. Following the application of pressure to the neck the 
cranial blood volume increases rapidly and plateaus at the new higher level in 15 
to 20 seconds. Using this technique we have studied the relationship between 
the height of this final plateau and the amount of pressure applied to the neck. 
We have made preliminary calculations in an attempt to measure blood flow 
based upon the principle of the venous occlusion plethysmographic method. 

We have also assessed this technique as a means of dynamic study of asym- 
metry of the cerebral venous drainage system in humans. 


RESULTS 


1. We have studied the relationship between the magnitude of the change 
in cranial blood volume and the graded application of cuff pressure to the neck. 
Figure 6 indicates this relationship showing that at lower pressures the cranial 


NO. 212 OF. 
DIGITAL JUGULAR COMPRESSION 
50 wc RISA LV. 
100% = 1200 CPS 
= 191 cc CRANIAL POOL VOLUME 
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Fig. 3. The count rate increase of cranial pool volume following compression of the right, 
left, and both jugular veins. The increase of cranial blood volume following the right 
compression is more prominent than upon left neck compression. 
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| |ood volume increases linearly. Over 40 or 50 mm of mercury there appears to 
some reduction in rate of linear increase. However, this is not a constant 
ding. 
2. In attempting to measure blood flow in the cranium by a plethysmo- 
c:aphic method, the initial rate of increase of blood volume during the first sec- 
id following the sudden application of pressure to the neck cuff is studied. At 
is time the blood pool is increasing at a rate of 12 to 15 cc per second, since 
is is the normal arterial blood supply to the cranium and most of this is going 
into brain with some contribution from scalp and meninges. There is insufficient 
count during this first second after cuff application to be statistically significant. 
As a consequence, to derive the initial flow mathematically the curve of the first 
15 seconds was drawn. This allowed us a considerable interval during which data 
cin be collected. Also by repeating the test and applying the pressure for 20 sec- 
onds and leaving the cuff off for 25 seconds in a cyclic fashion ten times our avail- 
able count is increased. These ten resulting curves are then averaged, giving us 


. Neck compression apparatus consists of a 9 gallon tank (not in picture) with an 
attached mercury manometer which can be pumped up to predetermined pressure by 
a foot pump. An electrically operated valve connects this tank to a half-sized blood 
pressure cuff which is loosely applied to the patient’s neck. By turning the switch on 
and off the pressure to the cuff can be applied and released abruptly. The inside of 
the blood pressure cuff is made of an elastic textile so that free expansion against 
the neck is obtained. 
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curves under pressures of 60, 50, and 40 mm of mercury respectively such as that 
shown in Figure 7. In this figure the initial slope immediately after application o/ 
neck compression is of interest to us. If this slope can be determined it indicates 
the initial rate at which the blood pool volume is increasing and thus arteria| 
blood flow into the cranium. If the initial rate of increase in blood pool volun: 
can be determined and the initial resting volume of the pool is known, it is an 
easy matter to calculate the flow rate into the pool. 


In attempting to measure the blood flow into the cranium by such a method, 
count change in the head was plotted on a semi-logarithmic scale as shown in 
Figure 8. The values for this are the difference between the final (asymptotic ) 
value and the instantaneous value. It can be seen that the experimental points 
approximate straight lines in the first few seconds. This indicates that a single 
exponential rate process is involved in the blood volume change immediately after 
application of the jugular compression. Both of these lines are very nearly the 
same at different venous pressures below the arterial diastolic pressure. 
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Fig. 5. Labeled serum albumin has been injected during a 15 second period and _ the 
cranium counted at 15 second intervals. The count rate falls as the material diffuses 
throughout the blood pool but is quite complete by 2 - 3 minutes after injection. 
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The theory of cranial blood flow measurement by the plethysmographic 
inethod follows. 


dV 
dt 


V = V. + ap 


Where V, : resting cranial pool volume. 
: instantaneous pressure over resting state. 
: elastic distention coefficient. 
: cranial pool volume following the jugular compression. 


F';, : Blood flow into the cranium. 
Fou: : Blood flow from the cranium. 


If the cuff instantly shuts off blood flow at time ¢ = 0, Fu.e = 0 and 
= Fe. 


iV . 
At t= 0, a = Peo sna 
dt]. = 


after? = 0, Fin = k (Pa — P) 


where P, is the excess of arterial pressure above normal pressure in V° 
Frormat = RP 4 approximately. 


Where £ is the flow resistance coefficient. 


Then in general, 


d(V — Vo) 
dt 


k 
y r x aaa 
J — Vo = ae | a ) 
1—e 


If F,.. remains zero for an appreciable time, then 


- Facrmat -_ : (V = V5) 
Qa 


V ewe i ie as Poscmat 


Pasomuit = Lis ss V.) 


: k , 
To evaluate — experimentally plot 
Qa 


V nee = Vo — (V mm Vo) — Vases -V 
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on a semilogarithmic scale. If plot is straight for initial few seconds 


thins = .693/t; 
a 


where ¢; = half time of the exponential. 


Finally, 
.693 


Passnat = ( Vines — Vo) x rm 


From this calculation we determined the cranial blood flow to be about 
from 500 to 600 cc per minute. This value is obviously less than the value which 
is measured by Kety-Schmidt method. 

3. There are alterations in hemodynamics following jugular compression on 
each side of the neck. 

When manual compression of the neck on each side is applied separately the 
volume increase of cranial blood pool is quite different, as shown in Figure 3. In 
this figure the increase of cranial blood volume following the right neck compres- 
sion is more prominent than it is by the left neck compression. In some cases the 
patient complains much more of the feeling of head congestion or pulsating head- 
ache during the period of right jugular compression than upon left compression. 
This is probably due to the fact that the venous blood from the brain usually 
drains more to the right jugular vein than to the left. Among five cases of this 
study, in four cases right compression gave a dominant response and in one case 
both responses were equal. 


DISCUSSION 


The blood volume change which is induced by increased venous pressure 
probably first takes place within the venous portion of the pool. The capillary 
filtration coefficient of the isotope in the circulatory system of the head does not 
increase after neck compression since the curve returns to the original base- 
line (6). 

It is known that in normal persons there may be a difference in the effect of 
jugular compression on the two sides and that in most normal individuals the re- 
sponse in elevation of spinal fluid pressure (Queckenstedt test) is less upon left 
jugular compression (7). The cause of this interesting asymmetrical response has 
been confirmed by dye injection study (8), post-mortem anatomical studies 
(7,9), the study with labeled erythrocytes (10), and by roentgenologic study 
(11). Three venous drainage patterns are recognized. (1) The superior sagittal 
sinus continues as the left or right transverse sinus, usually the right. The straight 
sinus flows to the opposite side, usually the left. (2) The superior sagittal sinus 
divides and is distributed about equally to the right and left transverse sinus. 
(3) There is a true confluence of the several sinuses. 

In most subjects about two-thirds of the blood from the brain (superior sagit- 
tal and straight sinuses) drains through the right transverse sinus from the 
torcular herophili to the right jugular bulb (12). In our study with jugular com- 
pression of each side, four out of five cases subjected to right jugular compres- 
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on of each side, gave rise to a more prominent response than upon left com- 
ession. This result is in agreement with anatomical and functional studies of 
(le venous drainage system. This suggests that this test can be applied in vivo in 
udying cerebral venous hemodynamics. The ratio of the amplitude of the 
i,crease on right and left jugular compression represents the venous flow rate to 
cach jugular vein. 
The blood volume—venous pressure relationship as shown in Figure 7 shows 
« diminishing increase in volume with each increment of neck pressure over the 
range 40 to 70 mm of mercury. Plethysmographic studies of the human forearm 
also show a gradually decreasing change as the venous pressure increases (13). 
|: is of interest that the cranial blood volume increases from 10 to 30 per cent, 
the break in the curve occurring at different levels in different individuals. The 
factors relating to this considerable variability are not clear but it is probably due 
to the collateral venous drainage through the incompressible drainage channel 
protected by the cervical vertebrae (12, 14). We have assumed that the pres- 
sure on the neck does not interfere with arterial blood flow into the cranium un- 
less the pressure exceeds the diastolic carotid pressure. 


Another important possibility is that this considerable variability may be due 
to the capability of the expansion of the intracranial veins during the period of 
jugular compression. Furthermore we may assume that this decreasing compli- 
ance as venous pressure is increased can be explained partly as the decreased 
distensibility of the other cerebral vessels pooling blood. The elasticity of the 
cerebral blood vessels probably determines this distensibility. Johnson et al (15) 


CRANIAL POOL VOLUME (%) 








JUGULAR COMPRESSION (mm Hg) 


. 6. Relationship between the magnitude of the change in cranial pool volume and the 
graded application of cuff pressure to the neck. This increase is fairly linear up to 40 
or 50 mm of mercury. However, this finding is different from individual to individual. 
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calculated the compliance of venous vessels in the study of the effect of increasec! 
venous pressure in intestine. We do not know any way to measure or to ex- 
press the physical properties or elasticity of the cerebral blood vessels. However, 
this test could reflect certain neurophysiologic aspects of the aging process in 
cerebral blood vessels, particularly in the venous portion of the pool. 

Ferris (16) in 1941 described a plethysmographic method for measurement 
of total intracranial blood flow in man. The basic principle of his method is that 
the rate of displacement of cerebrospinal fluid through a large needle inserted 
into the lumbar subarachnoid space following the application of sudden bilateral 
jugular compression represents the rate of arterial flow to the cranium. His tech- 
nique of venous occlusion closely resembled ours. Flow values obtained by that 
technique were considerably lower than currently accepted values. 

In our method the basic principle is the same in measuring the rate of in- 
crease of the cranial blood pool during a period when venous outflow from the 
cranium has been halted instead of measuring the rate of cerebrospinal fluid dis- 
placement. The cranial blood flow obtained by our plethysmographic method is 
also considerably lower than the N,O method value. 

In order to evaluate these plethysmographic methods in measuring cerebral 
blood flow several assumptions are important (17). 
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Fig. 7. The cranial pool volume increase under pressures of 60, 50, and 40 mm of mercury 
respectively. Each curve is the averaged value of repeating ten tests in cyclic fashion. 
The initial slope immediately after application of neck compression is of interest to us. 
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1. Intracranial vessels are capable of free expansion during the period of 
igular compression. 

2. The compression of the neck does not interfere with arterial flow into the 
ranium. 

3. During compression of the neck veins and increase in cranial pool vol- 
ime the blood escaping from the cranium must be relatively constant and of 
in insignificant amount. 

4. The effect from the extracerebral tissue on the increase of the cranial 
lood pool during the period of jugular compression is insignificant. 

5. The resting volume of the brain pool volume is known. 
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Fig. 8. Count change in the head was plotted on a semilogarithmic scale. The value for this 
is the difference between the final value and the instantaneous value. Experimental 
points approximate a straight line in the first few seconds at different pressures. This 
indicates that a single exponential rate process is involved in the blood volume change 
immediately after application of the jugular compression. The half time of the ex- 
ponential is obtained. 
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Although the venous jugular flow beneath the pressure cuff may be tempo- 
rarily halted, the venous outflow from the cranium is never completely stopped, 
particularly from the anastomosis between the spinal vein and the basilar plexus 
and occipital sinuses which are incompressible (12, 14). However, if the venous 
drainage through these incompressible pathways is insignificant and relatively 
constant, the initial slope of increase immediately after application of neck com- 
pression may indicate the initial rate at which blood pool volume is increasing 
and thus the arterial blood flow into the cranium. 


If the initial rate of increase in the blood pool volume can be determined 
and the resting volume of the pool is known, blood flow into the cranial pool may 
be easily calculated. Our cranial blood pool volumes run approximately 200 cc 
and this is somewhat greater than the only other calculation of the human brain 
blood pool of which we are aware, that of Nylin and Hedlund (18). 


We have been dissatisfied with our ability to accurately measure the resting 
volume of the brain blood pool. We do not know of any dependable way to as- 
sess the accuracy of our blood pool values. We feel our values are slightly higher 
than the true blood volume because of the contribution from scalp and skull and 
other tissues in the head which contribute some count. There is also some Comp- 
ton scatter from the isotope in the body outside of the head. 


We have designed our head detecting system attempting to reduce the con- 
tamination from the extracranial part of the head and to obtain reasonably uni- 
form sensitivity throughout the field. 


We know of no other way of accurately measuring the brain blood volume 


in humans short of cannulating both carotid arteries and jugular veins. An addi- 
tional important variable here is the undoubted variation of blood pool volume 
with different sized heads. This would result in a considerable range of cc per 
minute values. 


As a consequence of these factors we feel it would perhaps be more ac- 
curate simply to express the brain circulation in terms of the rate of pool turn- 
over. If the initial rate of pool increase is extrapolated to the time when the in- 


itial pool volume is doubled, this would indicate the mean circulation time of 
the cranial pool. 


SUMMARY 


A technique is described to measure the increase of cranial pool volume fol- 
lowing the application of jugular compression by monitoring the head after the 
intravenous administration of RISA. 

The elasticity of the cranial blood pool by the graded application of a blood 
pressure cuff to the neck is described. 

The plethysmographic method of measuring blood flow is applied by noting 
the rate of increase of the cranial blood volume following the sudden application 
of neck compression. The theoretical and practical considerations are discussed. 

This test can be applied in studying the hemodynamics of the cerebral 
venous drainage system by measuring the change in cranial blood pool follow- 
ing the application of the neck compression on each side separately. 
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The absolute accuracy of this method is impaired by the inevitable inclusion 
f the scalp and meningeal circulation and the unknown extent of incompres- 
ible venous drainage. 
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Radioactive Colloidal Gold Measurements of Lymph Flow 
and Functional Patterns of Lymphatics and Lymph Nodes 
in the Extremities'” 
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Rudolph Toulon, B.S.° 


New York City 


Radioisotope techniques have been devised and standardized in this labora- 
tory (1,2,3,4) which are useful in studying the dynamics and functional path- 
ways of lymph flow together with lymph node pickup and filtration function. 
These aspects are so closely interrelated as to suggest that combined simulta- 
neous study by one technique might result in a more complete and better inte- 
grated concept of lymph flow. Radioactive colloidal gold (AU'®*), average parti- 
cle size 3.0 millimicrons, has been found acceptable for such combined study. 
Using one injection, a set of observations is made which includes all four aspects. 
Colloidal gold (AU'®*), 15-25 microcuries in 0.1 cc liquid,’ is injected without 
operative exposure, into the particular lymphatic compartment of the extremity 
to be studied such as subcutaneous, skin or muscle. Because of its colloidal, me- 
tallic nature and size, it is carried in the lymph. Some colloidal gold (AU?®*) is 
deposited in the first station of lymph nodes within minutes. Some is routed to 
second and third stations of nodes, particularly after the first station is loaded. 
Colloidal gold (AU'®*) which enters a node remains there for the duration of the 
study, so that deposition of colloidal gold (AU'**) measures filtration function 
of the node. Lymph nodes of the extremity filter out most of the colloidal gold 
(AU'®). The remainder, however, bypasses all nodes to enter the thoracic duct 
and blood from which it is quickly cleared by the reticuloendothelial cells of 
the liver. 

Because it is a gamma emitting isotope, colloidal gold (AU'®*) can be traced 
and measured in its passage through the lymphatics and sites of deposition in the 
lymphatic system by means of external measurement techniques. Following in- 
jection, there is no operative interruption of continuity of the experiment. Be- 
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cause of its half life, 2.69 days, in-vivo, serial, continuous or interrupted quanti- 
tative observations can be performed over a period of several days, so that physi- 
ologic as well as complex disease states can be adequately studied under varied 
conditions. Because of the minute amount (0.lcc) used, there is no artefactual 
distention of lymphatics. The measurements of dynamics and pathways of lymph 
flow truly represent physiologic and pathologic states studied. 

In the search for an ideal isotopic material for studying lymph flow, various 
materials labeled with radioisotope were injected into different lymphatic com- 
partments and sites in normal volunteers (Table I). Prior to this study, unaltered 
RI'3'HSA, had been used for quantitative study of lymph flow. The rate of dis- 
appearance of unaltered RI'*'HSA from the site of injection in an extremity has 
been used as a measure of lymph flow (5). Concentration in the blood and urine 
has also been used to measure the amount of RI'*'HSA which traversed the 
lymphatic system to reach the thoracic duct and thus the blood stream. How- 
ever, our experiments in dogs and humans, including direct cannulation of ex- 
tremity veins, indicate that these measurements with RI'*'HSA are not specific. 
Significant amount of I'*! in RI'*'HSA enters the blood directly from the site 
of injection. Disappearance rate and blood concentration of RI'*!SHA do not in- 
dicate passage through the lymph exclusively, but include direct blood absorp- 
tion. By contrast, experiments involving direct cannulation of extremity veins 
indicate that only a minute and insignificant amount of colloidal gold (AU’**) 
which leaves the site of injection is transported through the blood. Practically all 
of the colloidal gold (AU'®*) which leaves the site of injection enters the lym- 
phatic system. 

Further transport of colloidal gold (AU!®*) is entirely through lymphatics. 
Segmental measurements, described below, have been defined, which indicate 
the amount of colloidal gold (AU!**) in the lymphatics of various anatomic seg- 
ments of the limb. These important measurements are not possible with unal- 


TABLE [| 


Stupy oF CHieF LyMpHATIC COMPARTMENTS OF EXTREMITIES WITH VARIOUS 
RADIOISOTOPE MATERIALS. 


Injection No. of 
Type of Cases Isotopic Material Plane Site Cases 
Normal human Radioactive colloidal Subcutaneous Foot 45 
volunteers gold (AU!) 
Normal human Radioactive colloidal Intramuscular Leg 20 
volunteers gold (AU!) 
Normal human Natural RI'"HSA Subcutaneous 
volunteers 
Normal human Heat denatured Subcutaneous 
volunteers RI!'HSA 
) Normal human Radioactive colloidal Intradermal 
volunteers gold (AU!) 
Normal human Radioactive colloidal Subcutaneous 
volunteers gold (AUS) 
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Fig. 1. Colloidal gold (AU™) measurements of lymph flow 


amount disappeared 
1) Disappearance rate = X 100% 
amount injected 
Amount disappeared = amount injected — amount remaining at the site of injec- 


tion 
2) Distribution of colloidal gold (AU"*) at various points in the lymphatic system. 
All measurements recorded as per cent of the disappeared amount. 
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‘ered RI'*'HSA because concentration of isotope measured in each segment 
ff the limb is very small in the early and critical phases of disappearance, and 
the amount which enters the blood directly from the site of injection with 
1'31HSA negates the measurement. Also, concentration of RI'*!HSA builds up 
ontinuously in the blood over a 72 hour period, due to the continued disap- 
yearance from the site of injection, and recirculates in the lymph. This makes 
‘ater measurements, for example at 24 hours, of concentration of isotope in the 
vmph of various segments of the limb, impossible. By contrast, after about 6-12 
iours, colloidal gold (AU"®*), unlike RI'*'HSA, ceases to leave the site of in- 
jection, in most patients as can be seen in the disappearance curves (Fig. 4). 


OUTFLOW TRACT DISEASES 
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Fig. 2. Disappearance rate of colloidal gold (AU) as a measure of lymph flow in normal 
patients and patients with edema of extremities. 
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After twenty four hours there is no further disappearance in any patient. Thus, 
any colloidal gold (AU'®*) which is found in the segments after 24 hours indi- 
cates a “residue” in the lymphatics. The amount of total segmental-residue at 24 
hours and the presence and amount of residue in individual segments is impor- 
tant in defining lymphatic disease states. 

Unaltered RI'*'HSA is not picked up by lymph nodes. By contrast much, 
but not all of the colloidal gold (AU"*), is picked up and filtered out by the 
lymph nodes in the extremities. Quantitative measurement of deposition and 
by-pass of various anatomic groups of lymph nodes by colloidal gold (AU's) 
indicates functional pathways of lymph flow from different sites and tissues under 
varying conditions. The measurement of colloidal gold (AU'®*) which has been 
deposited in nodes also defines the dynamics of lymph flow since it indicates 
passage through the lymphatics of the extremity. Because of by-pass of nodes, 
some of the colloidal gold (AU'®*) escapes filtration. Measurement of time and 
amount of liver deposition of colloidal gold (AU'®*) accurately reflects passage 
through the entire lymph circulation without filtration by nodes. This may be a 
useful parameter in defining diseases of the lymphatic system. 


Method of Study of Lymphatic System 


Intitial study in the lower extremity is made by injection of 0.1 cc of colloidal 
gold (AU"®**) into the subcutaneous tissue space of the dorsum of the foot be- 
tween the heads of the first and second metatarsals. The patient remains in supine 
position at rest for 1% hour. At one and one-half hours after injection, the pa- 
tient walks for ten minutes. After the two hour measurement, he goes out to 
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Fig. 3. Pickup by liver and disappearance from blood of colloidal gold (AU) following 
intravenous injection—Normal Human 
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lunch, affording a further period of active exercise. Measurements to be described 
are made every 15 minutes for the first hour and then successively at two hours, 
four hours, six hours, 24 hours, and occasionally at 48 and 96 hours. The half 
life of gold permits such continuous study. Almost 100 per cent of the colloidal 
gold (AU?**) can be accounted for by external volume-counting, and traced in 
the lymphatic system (Fig. 1). 

Subsequent studies which may be done include intramuscular injection into 
the gastrocnemius muscle about six inches below the knee in the midline. Intra- 
dermal injection may also be made at various levels. Study of subcutaneous, 
intradermal, and intramuscular lymphatic compartments using the techniques 
ind measurements described indicate compensatory and useful lymph channels 
tor therapy in patients with lymphatic disease. 

Upper extremity study is made by injection subcutaneously into the tissue 
space between the first and second metacarpals. Intramuscular and intradermal 
injections can also be made. Exercise is performed as part of the procedure after 
one hour. 

Measurements of Lymph Flow in Lower Extremity 


Lymph flow is measured by: 1) Disappearance rate from the site of injec- 
tion. The disappearance rate is a measurement of lymph flow at the site of injec- 
tion. As shown in Fig. 2 this measurement reflects both the inflow amount of 
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lymph and the state of competency of the lymphatics. 2) Measurements of Seg- 
ments. This and the subsequent measurements (3,4) indicate the distribution of 
material in the lymphatic system. The extremity has been divided arbitrarily into 
progressive anatomical segments from below upward, segments (0), (a), (b), 
(c), (d). Quantitative measurements are made of these segments which repre- 
sent the progression of lymph flow from injection site through the entire extrem- 
ity. Segment (o) immediately adjacent to the site of injection in the foot repre- 
sents an area of direct tissue space spread of the injected colloidal gold (AU"®), 
Detailed study of the distribution of colloidal gold (AU'®*) in segment (0), and 
spreading factors, will be reported separately. In the present report, segment (0) 
is included with the site of injection. Measurement of segments (a), (b), (c), 
(d), represent material transported in lymphatic channels in the extremity. Seg- 
ment (a) extends from the ankle to the middle of the leg, segment (b) extends 
from the middle of the leg to the patella, segment (c) extends from the patella to 
the middle of the thigh and segment (d) from the middle of the thigh to the 
femoral lymph nodes. 3) Rate and quantity of pickup in lymph nodes. Superficial 
femoro-inguinal and deep ilio-aortic lymph nodes are measured separately to 
help define subcutaneous and deeper lymphatic flow pathways. 4) Rate and 
quantity of deposition in the liver and spleen. Using colloidal gold (AU), 
this represent complete by-pass of lymph nodes and entrance into the thoracic 
duct and blood stream. The blood is rapidly cleared of the colloidal gold (AU!®*) 
which is picked up by reticuloendothelial cells of the liver (Fig. 3). 


100) 


a QO © 
oO os © 


An 


Oo) 
oO 


SITE OF INJECTION 
GW am oO 
oOo oO Oo 


FROM 


i) 
© 





1 2 4 24urs 





— 
oOo 











% OF INJECTED AMOUNT WHICH HAS DISAPPEARED 


Fig. 5. Disappearance rates of colloidal gold (AU'*). Subcutaneous injection. Normal upper 


extremities. 4 patients—3” crystal 


ge 

















RADIOACTIVE COLLOIDAL GOLD MEASUREMENTS 633 


Measurement of Lymph Flow in Upper Extremity 


The upper extremity is divided into segment (a) from wrist to elbow, and 
egment (b) from elbow to axilla. Node pickup is measured in the epitrochlear, 
xillary and supraclavicular nodes. Liver and spleen measurements are the same 
s in lower extremity study. 


Isotope Technique and Measurements 


Measurements of lymph flow at the site of injection and throughout the ex- 
tremity and rates and quantity of pickup in lymph nodes, liver and spleen are 
made by means of isotope techniques which have been standardized in this 
laboratory. A wooden splint was made to accommodate the foot in a suitable 
fixed horizontal position for measurement of disappearance rate from site of in- 
jection (Fig. 11). Lead blocks placed on a lucite platform are used to separate 
the various areas being measured (Fig. 11). 

A 3” crystal (Nuclear Chicago) is generally used for all measurements, al- 
though all measurements except the segments (a), (b), (c), (d), had been 
successfully made previously using a %” crystal. Quantitative measurements of 
disappearance from injection site, segmental amounts, superficial and deep node 
and liver amounts are performed. with flat field nose piece collimator system. 

All quantitative measurements are made at 30cm distance of crystal to skin, 
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Fig. 6. Percentage distribution of colloidal gold (AU'*) which has disappeared from site 
of injection and entered the lymphatic system Lower extremity—Normal 
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because of the large areas involved and large volumes being measured, particu 
larly the segments, nodes and the liver (Fig. 9). 


I ice oad ak ir ual 10cm x 10cm x 2cm 
EE Pe Lee OP 18cm x 7cm x 6cm 
ES ee ee ere vere ..18cem x 7cm x 6cm 
Segment c.... SR ATER Ts. 16cm x 11cm x 5cm 
Segmentd...... Sale a RS Bae gE rae 16cm x 1icm x 5cm 
Femoro-inguinal nodes................. 20cm x 20cm x 2cm 
AS orc SG oily wichrad os UG re 20cm x 20cm x 2cm 
NM ey eto iit wie er hte, Dlg ley 19cm x 14cm x 7cm 


Phantom Studies 


Quantitation of small amounts of isotope in large volumes and at various 
depths also requires a correction factor which has been worked out by means 
of phantom studies for each site. No correction factor is required for measure- 
ment of the disappearance rate at the site of injection since the area is small 
and the source of moderate intensity and just under the skin. The concentration 
in segments (a), (b), (c), (d), has been simulated by homogenous distribu- 
tion of small amount (2.7 microcuries) of colloidal gold AU'®* in a volume of 
water equivalent to the average volume of these segments of the extremity in-vivo. 
Homogenous distribution was used since in-vivo colloidal AU'® is scattered 
throughout several lymphatic channels in these segments. 
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Fig. 7. Difference in node pickup and by-pass of nodes (liver) from subcutaneous (13 pa- 
tients) and muscle (12 patients) compartment injection of colloidal gold (AU’*)— 
Normal lower extremity 





Simultaneous bilateral anteroposterior scan of the groin after an injection into the 
dorsum of both feet. The femoral lymph nodes are generally definable in 4-6 hours 
and the inguinal nodes in 6-24 hours. 


Concentration in the femoro-inguinal node area has been simulated by a 
water phantom 20cm x 20 cm x 2cm in which 10 microcuries of colloidal gold 
AUS was homogenously distributed. The large femoral and inguinal nodes 
which pickup the greatest amount of colloidal gold in humans are generally 2-4 
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Fig. 9. Effect of distance of the crystal from the source on cts/mt measured in per cent ob- 
tained by moving a point source containing one microcurie of colloidal AU“ away 
from the central axis. 
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in number (Fig. 8) on each side, extending over an area averaging 12cm x 10cm. 
However, an almost equal amount of colloidal gold is found in the surrounding 
tissue containing small nodes constituting the 20cm x 20cm area. 

Concentration in the ilio-aortic nodes was simulated in a bony pelvis by 
placement of two capsules each containing 0.16 microcuries, colloidal AU, 
one at the level of bifurcation of the iliac vessels and the other slightly above the 
sacral promontory. The bony pelvis was kept in a position simulating supine 
position of the body and measurement done with the crystal 30cm above the 
level of the inguinal ligament. The same procedure is followed in-vivo since 
measurement at 30cm from the inguinal ligament overcomes the problem of vari- 
ation in the thickness of the abdominal wall and abdominal contents. 

A water phantom reproducing the exact shape, dimensions and placement of 
the liver in the body and containing 2.0 microcuries, colloidal AU? distributed 
homogenously was used for standardization of measurements of this organ. 


Correction Factors 


Correction factors to be added to in-vivo measurements made at 30cm from 
the skin have been worked out by means of such phantom studies as follows. 
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Scanning of femoral and inguinal lymph nodes kave been performed using 
Nuclear Chicago Scintiscanner Model # 1700, window = 10, speed = 45, base 
level = 361 with pulse height analyzer, high voltage, 3” crystal. A 64 hole focus- 
ing collimator (Nuclear Chicago) with focal point 7cem below the collimator 
opening is used. 32-128 counts per dot over the femoro-inguinal node area pro- 
duce a good scan in about 30 minutes. Superficial nodes in the femoral and in- 
ginal area are located about 2cm below the skin in the average patient. Confirma- 
tion of focus on lymph nodes is made by moving the collimator up and down to 
obtain maximum count. Scans made with %” crystal and a cone can discriminate 
between nodes at 4cm separation while those with 3” crystal can discriminate at 
lcm. However, the minimum amount of colloidal AU'®* which can be scanned 
increases to % microcuries from 4 microcuries when %” crystal is used. 

For measurements in segment (0), a %” thick lead collimator was made with 
lcm openings 1 cm apart (Fig. 12). This is used in combination with the 64 
hole focusing collimator and 3” crystal. Less than 0.1 per cent of colloidal AU'®* 
is found to traverse the septa, in the intensity range used. A grid with smaller 
openings can also be used for measurements of concentration in node groups and 
parts of nodes. (Fig. 10) 
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Recording of Measurements 


Disappearance is recorded as per cent of injected amount of colloidal gold 
(AU"8) isotope. All other measurements are recorded as per cent of the amount 
of colloidal gold (AU'®*) which has disappeared from the site of injection. Thus, 
distribution of material at various points in the lymphatic system is measured as 
per cent of the amount which has entered the lymphatic system. 


Results: Disappearance Rate 
Normal Subcutaneous—Lower Extremity 


Disappearance rates in normal humans following subcutaneous injection 
of lower extremity range form 18-39 per cent at 24 hours, (Fig. 4). Variation is 
due to particle size and site and plane of injection and local tissue factors. Al- 
though phagocystosis is a factor, studies in dogs indicate that 88-100 per cent 
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Fig. 10. Grid counting of pickup by inguinal lymph node colloidal gold AU“ injected into 
foot. Actual size 
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of the colloidal gold (AU'®*) in the afferent lymphatics is found in the super- 
natent lymph after centrifugation. Much of the disappearance from one to four 
hours is the result of exercise. The rise between one and two hours, in response 
to the initial controlled exercise-period of ten minutes, is generally greater than 
the rise between two and four hours, when the patient walks to lunch. When the 
patient is kept at rest, without exercise, there is much less disappearance in the 
first four hours. Despite the wide variation in disappearance rates in normal 
humans (18-39 per cent), patients with abnormal extremities show abnormal dis- 
appearance rates whose significance is readily identified (Table II). 

Disappearance rates from intramuscular injection of normal lower extrem- 
ities are shown in Fig. 4. After about one hour, disappearance ceases. Disap- 
pearance rates from intradermal injection of normal lower extremities are shown 
in Fig. 4. The amount of disappearance indicates both muscles and skin to be 
important lymphatic compartments. 

Disappearance rates from normal upper extremity subcutaneous injections 
are shown in Fig. 5. Disappearance is slower than from lower extremity, perhaps 
because of the fact that dependency and exercise result in a greater amount of 
lymph in the lower extremity. 


Segments (a), (b), (c), (d)—Normal (Fig. 6) Subcutaneous Lower Extremity 


The amount in the segments is directly related to the amount disappearing 
from the site of injection and the competency of the lymphatics. During the first 
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TABLE II 


)IFFERENTIAL DIAGNOSIS OF ABNORMAL EXTREMITIES BY MEANS OF DISAPPEAR- 

NCE RATE AT 24 Hours (Groups I to IV) AND THE PRESENCE OR ABSENCE OF 

‘EGMENTAL RESIDUE AT 24 Hours (Groups A AND B). SuBcuTANEOUS LyM- 
PHATICS StuDy UsincG RapIoAcTIVE CoLLompAL GoLp (AU? ), 


Group A 


egmental residue at 24 hrs. 


Group I (0 to 3%) 
Primary Diffuse Lymphedema 
(Precox) 
(Case 1 to 5) 

Severe Secondary Lymphedema 

Post-radical mastectomy 
(Case 8 to 13) 

Cancer (Case 6) 
Trauma (Case 7) 


Group IT (3 to 17%) 
Moderately severe secondary 
lymphedema 

Post-radical mastectomy 
(Case 14 to 17) 


Deep vein insufficiency with long 
standing edema producing chronic 
lymphatic changes and severe lym- 
phatic insufficiency 

(Case 18 & 19) 


Group III (18 to 39%) 

Deep vein insufficiency with long 
standing edema and chronic lym- 
phatic insufficiency, less severe than 
group II A (Case 25 to 30) 


Group IV (40+ %) 

Deep vein insufficiency complicated by 

acute cellulitis (acute lymphatic over- 

loading, edema of short duration). 
(Case 45 to 48) 


Group B 


No segmental residue at 24 hrs. 


No cases in this group 


Deep ulcerations at ankle, chronic va- 
ricosities but no deep vein insuffi- 
ciency 

(Case 20 to 22) 


Deep vein insufficiency with edema 
(not as long standing as Group III A) 
(Case 31, 32, 34, 35, 36) 


(Case 40 to 42) 
Chronic varicose 

veins (Case 37 to 39) | 
Other abnormalities 


involvement 
of deep 
veins or 

lymphatics 


Dermatitis No significant 


Deep vein insufficiency without edema 
(Case 50 to 53) 


Acute Cellulitis (Case 54) 
Cardiac failure edema, short duration 
(Case 55) 
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hours, at rest, in the normal patient, segmental amounts (a) and (b) increase 
progressively and account for the most of that which disappears. Concentration 
in (a) is generally higher than in (b) although occasionally equivalent. With 
exercise, i.e. after one and one-half hours, rapid passage of all material out of 
(a) and (b) segments occurs. When the disappearance rate continues to rise 
after two hours, the amount in the segments may remain relatively high because 
of entrance of new material. The tracer material does not generally appear in 
significant amount in segment (c) until the two hour period, after exercise. The 
concentration remains low, indicating rapid passage through this area in the nor- 
mal. Measurements at four and six hours show no material in the segments unless 
disappearance continues in significant amount, which is unusual. At 24 hours 
no material remains in the segments in the normal. 

Segmental residue at 24 hours is useful in identifying etiology of edema 
(Table II), and the site and degree of insufficiency of lymphatics. Specific seg- 
mental residues localize the site of lymphatic disease. 


Node Pickup 


Node pickup and segmental amounts are inversely related, in the normal as 
well as abnormal (Fig. 6). Femoral, inguinal and iliac node pickup represents 
material which has passed through all the segments. 80 to almost 100 per cent 
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of the colloidal gold (AU"*) which disappears from site of injection is picked up 
by lymph nodes within 6-12 hours. Generally, only a small amount reaches the 
lymph nodes in the first hour, because most of the colloidal gold (AU’**) is still 
in the segments. After exercise, concentration in femoral and inguinal lymph 
nodes increases greatly and pickup in iliac nodes occurs in significant amount. 
In some cases, lymph flow is so rapid that a large part of the material which 
disappears is found in the nodes in the first hour, although the patient is at rest. 

Pickup by various anatomic node groups following injection of subcutaneous 
and intramuscular compartments in the normal lower extremity is shown in 
Fig. 7. The chief pathways of flow in each compartment differ somewhat, but 
interchange occurs. Other differences in lymph node distribution occur with 
diseases involving nodes and lymphatics. Also, measurement of deposition of col- 
loidal gold (AU"®*) is a measurement of filtration by the node. Dog and human 
experiments show that if colloidal gold (AU?**) enters a node, it remains there 
for at least one week which is the duration of the study. It is not known whether 
any of the gold is transferred out of the node later. Scintiscans, as described by 
us previously (3), give a picture of node pickup in the various node groups 
and stations (Fig. 8). 


Lymph Flow Measurements in Abnormal Extremities 


The technique and measurements described have been applied to a large 
group of patients with abnormal extremities. These are to be reported in detail, 
including a study of edema of varied etiology (7). Certain references are made 


here, however, in order to clarify the significance of some of the measurements. 
For example, two measurements were found to be of great value in differential 
diagnosis of abnormal extremities (Table II). These are 1) Disappearance rate 
at 24 hours and 2) Total segmental residue at 24 hours, both after subcutaneous 
injection. 


The Disappearance Rate at 24 Hours 


Disappearance rates at 24 hours from subcutaneous injection are classified 
into Group I, 0 to 3 per cent, Group II, 4 to 17 per cent, Group III, 18 to 39 per 
cent, Group IV, 40 per cent and above. Group I and II show decreased (below 
normal) disappearance. Group IV shows increased (above normal) disappear- 
ance. Disappearance rates within the normal range (18 to 39 per cent) may also 
be seen in an abnormal system when two abnormal factors are pulling in oppo- 
site direction. 

Disappearance rate measures lymph flow. Lymph flow reflects the amount 
of lymph produced as well as the state of the lymphatics. With regard to dis- 
ease states, two conditions are particularly important 1) the excess production 
of lymph and 2) the incompetence of lymphatics. Disappearance rate with col- 
loidal gold (AU1**) is a good indicator of diseases in both categories (Fig. 2). 

Increased disappearance occurs when there is increased amount of lymph 
produced due to differences in hydrodynamic pressures, colloid osmotic pressure 
and capillary permeability (8). Clinically increased disappearance (Group IV) 
is found in patients with edema following deep vein thrombosis and or insuffi- 
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ciency, cellulitis, cardiac failure and hypoprotenemia. Increased disappearance 
rate is also a sensitive and early indicator of increased amount of lymph. For 
example, increased disappearance rate (Group IV) occurs in deep vein insuffi- 
ciency in the absence of edema or a history of previous edema. 

Decrease in disappearance rate indicates incompetence of lymphatics. 
Markedly decreased disappearance rate, (Group I), specifies a diagnosis of pri- 
mary diffuse lymphedema precox or severe secondary lymphedema (6). Other 
groupings of lymphatic insufficiency are listed in Table II, to be reported in 
detail. 

The Presence or Absence of Segmental Residue at 24 Hours 


For this measurement all segments are added together. Group A and B refer 
to cases with and without segmental residue at 24 hours respectively. Segmental 
residue in any of the segments at 24 hours is always abnormal and indicates 
marked interference with lymph flow. Measurements of total segmental residue 
at 24 hours and localization to particular segments, (a), (b), (c), (d), help de- 
fine lymphatic disease states (Table II). 


SUMMARY 


Radioisotope techniques and methods are presented utilizing colloidal gold 
(AU'*8) for studying the dynamics and functional pathways of lymph flow 
together with lymph node pickup and filtration function. Analysis is made of re- 
sults of such study in normal extremities and disease states, such as edema. 
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A Study of Human Cerebrospinal Fluid: 
Copper and Manganese’* 


Eugene L. Kanabrocki, Lawrence F. Case, Edwin B. Miller, 
Ervin Kaplan, Yvo T. Oester 


Hines, Illinois 


A neutron activation method for the determination of certain trace elements 
in biological fluids has been reported by the authors (1). That report included 
an estimation of non-dialyzable* manganese and copper concentrations in small 
number (twelve) of cerebrospinal fluid samples obtained from apparently healthy 
adult male subjects. The values for non-dialyzable copper concentrations in cere- 
brospinal fluid (CSF) were in agreement with several reports for total copper 
levels (2-4). The mean value for non-dialyzable manganese concentration, how- 
ever, was greater than that reported for total manganese by Cotzias and Papa- 
vasiliou (5). There was, therefore, disagreement between these two reports of 
human CSF manganese levels. This difference appeared to need further investiga- 
tion, particularly since manganese concentration reported as a non-dialyzable 
level (0.2-0.6 »g %) and the manganese concentration reported as total level (0.08- 
0.15 »g %) did not seem to be compatible. The present study was designed to 
establish a “normal range” for CSF non-dialyzable copper and manganese con- 
centrations in adult subjects hospitalized with a variety of non-neurological, 
non-infectious diseases. 


METHODS AND MATERIAL 
Cerebrospinal Fluid Samples 


Cerebrospinal fluid (CSF) samples were obtained by routine lumbar punc- 
ture from ninety-one adult male subjects ranging in age from 21 to 88 years. 
Each of these subjects was a patient for surgery and the CSF sample obtained 
at the beginning of the lumbar puncture which was performed for spinal anes- 
thesia. Hyperchromic, stainless steel needles were used in all collections. Five 


‘Partially supported by U.S. Department of Health, Education and Welfare National In- 
stitute of Health Grant No. R.G.—9045. 

*From the Radioisotope Research Service, Veterans Administration Hospital, Hines, Illinois, 
and Stritch School of Medicine, Loyola University, Chicago, Illinois. 

*Non-dialyzable manganese and copper may be defined as the manganese and copper 
concentrations remaining in a dialysis bag after dialysis as described in a previous publica- 
tion (1). These elements are presumably bound to large molecules not capable of transfer 
across the membrane used. 
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drops of CSF were permitted to drip through the needle and were discarded in 
a wash before fluid collection was made into a properly cleaned test tube. The 
fluid, 3 to 5 ml in volume, was centrifuged for 10 minutes at 2500 RPM to re- 
move possible cellular components. Aliquots, crystal-clear and free of hemolysis, 
were removed for manganese and copper analysis by neutron activation tech- 
nique as reported previously (1). 

Manganese and copper contamination during the CSF collection was a 
possibility, and a simulated “spinal tap” was therefore designed by filling a 30 cm 
dialysis bag with buffer, and “tapping” its content with a clean, sterile, hyper- 
chromic, stainless steel needle, such as those used in human spinal puncture. 
Five drops of buffer were permitted to drain through the needle and were dis- 
carded. Four ml of this buffer were collected and aliquots analyzed for copper 
and manganese, in the same manner as CSF samples. The results of the analysis 
of plain buffer were compared with results obtained on buffer which had passed 
through the needle. The manganese and copper concentrations of plain buffer 
were 0.068 and 0.488 »g per 100 ml respectively. The concentration of these 


20 


a 
kK 
o 
i] 
> 
a 
=) 
7) 


0 100 200 300 400 500 600 700 
MANGANESE - NANOGRAMS PER 100 ML 


Fig. 1. Frequency distribution of Cerebrospinal fluid manganese concentrations in relation to 
the total number of subjects studied. 
1 


1 nanogram = 1000 micrograms 








STUDY OF HUMAN CEREBROSPINAL FLUID 645 


lements in buffer that had passed through the simulated tap were 0.072 wg and 
1.04 ng per 100 ml respectively. These data indicate that each 1.0 ml of buffer that 
has passed through the needle has picked up additional quantities of manganese 
ind copper amounting to 0.00004 »g and 0.01552 pg respectively. We regard the 
manganese increment as insignificant and the copper increment within the range 
ff reproducibility of this procedure, assuming contamination of CSF by the 
1eedle is equal to that of buffer. 


RESULTS 


Table I shows the results of neutron activation analysis for non-dialyzable 
manganese and copper, while Figure 1 and Figure 2 reveal the frequency distri- 
bution of the data. The surgical category distribution listed in Table I is self- 
explanatory for the prostate, hernia and the hemorrhoid groups. The “Miscella- 
neous” category is a heterogenous group and consisted of a number of patients 
with a variety of clinical manifestations. These included bone and skin grafts, 
hip pinning, vascular corrections, such as varicose veins, femoral vein thrombosis, 
amputations, etc. Three subjects, each of whom showed an unusually high man- 
ganese level, are listed separately. Each of these CSF samples exhibited man- 
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Fig. 2, Frequency distribution of Cerebrospinal fluid copper concentrations in relation to the 
total number of subjects studied. 
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ganese level which was five times greater than the average value for the 
other 88 subjects. The copper concentrations in these three samples were within 
the range of values reported for other patient categories. 


Assay for magnesium and calcium levels were carried out on portions of 
these CSF samples employing the atomic absorption technique. Results of these 
analysis do not show significant correlation with the copper and manganese levels. 
Report of this study is made elsewhere (6). It should be pointed out that the 
manganese and copper levels are in the microgram range while the magnesium 
and calcium are present in milligram quantities per same volume of CSF. 


DISCUSSION 


Ishchenko (7) reported elevated copper concentrations in CSF of children 
with tuberculous meningitis. This author stated that the rate of decrease of copper 
concentration parallels the recovery rate and thus serves as an index of recovery. 
D’Andrea and Congiu (3) reported total CSF copper of about 27 pg per cent 
as an average value following analysis of CSF samples obtained from 15 psycho- 
neurotic patients. Munch-Petersen (2) reported a 13 y»g per cent value for com- 
parable material from 16 subjects. Kage Kjellin (4) reported a total copper level 
of about 30 »g per cent in CSF samples obtained from 8 normal subjects. 


TABLE I 


Non-DIALYZABLE MANGANESE AND COPPER CONCENTRATIONS IN CEREBROSPINAL 
FLUID OF SURGICAL PATIENTS 


Micrograms per 100 ml. 
Number ————————_—__—— - ST aErariie 

Patient Category of Manganese Copper 
Subjects Average Range Average Range 


Hernia Repair 21 .195 0.030-0.680 17. 8.2-24.5 
6 


Hemorrhoidectomy 
Prostatectomy 
(benign) 20 .261 0 .080—0. 604 20. 9.0-44. 
Prostatectomy 
(malignant) . 140 0.040-0. 
Miscellaneous 223 0.049-0. 
Total .218 
Std. Dev. .153 


.181 0.171-0.330 19, 10.9-30. 


65 23. 11.3-33. 
1( ; 7.9-39. 





Old ‘‘Hip-pinning”’ infected . 230 

Appendiceal Ulcer Cystic 
degeneration, following 
destruction of bone 

Mass, Rt. Leg (Skin) 
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The present study reports on a comparatively large number of CSF samples 
btained from 88 hospitalized adult male subjects. It indicates that the mean 
on-dialyzable copper levels observed in a number of non-neurological, non- 
ifectious conditions are not greatly different from one another. There is a 
elatively narrow range of values about the mean value for the entire population 
tudied. The average non-dialyzable copper concentration, 19.6 + 8.1 yg per 
ent, represents a mean for all 88 subjects studied, and this level agrees well 
ith the total copper concentrations in CSF reported by other investigators (2-4). 
‘o report has been found in the literature which comments on the nature of 
opper in CSF. All values and ranges reported are those for total copper content. 
he concentrations observed in this study are based on dialyzed CSF samples 
ind represent therefore the non-dialyzable copper levels. Similarity between the 
total” and the “non-dialyzable” copper levels suggests that they are the same 

and that all copper in CSF is in a non-dialyzable form. 


The concentration of manganese in CSF has been reported by Cotzias and 
Papavasiliou (5). This report was based on analysis of CSF obtained from 7 
human subjects. Total manganese determined by neutron activation analysis 
ranged in concentration between 0.08-0.15 pg per 100 ml. Between 93 and 94 per 
cent of CSF manganese was observed in its protein-free fraction. This protein- 
free fraction was obtained by centrifugation of CSF at 11 x 10* g for 48 hours 
and its protein content estimated by nephelometry. 


The average CSF non-dialyzable manganese concentration, 0.218 + 0.153 
»g per 100 ml in the present study, is based on an analysis of CSF samples from 
88 human subjects. Three additional subjects exhibited CSF manganese levels 
that were considerably greater than those noted in the main group of 88 sub- 
jects. Variations in manganese levels observed in this study appear to be con- 
siderable, ranging from 0.030 to 0.680 »g per 100 ml. This wide range of values 
includes concentrations reported previously (1), and encompasses values reported 
by Cotzias and Papavasiliou (5). This data is interpreted to mean that the 
average CSF non-dialyzable manganese concentration, 0.218 + 0.153 wg per cent 
represents a concentration which can be considered as normal for the population 
studied and the method employed. No abnormal elevations of manganese related 
specifically to diagnostic category occured in the CSF of subjects examined 
with the exception of the three patients with necrotic lesions (Table I). It may 
be that these elevations are coincidental with rather than actually related to 
necrosis. Manganese elevations in human serum have been observed in tissue 
necrosis of myocardial infarction (1, 8). No mechanism is suggested for the 
transfer of manganese from plasma to CSF in these three patients. 


SUMMARY 


Cerebrospinal fluid samples obtained from ninety-one hospitalized adult 
human subjects were analyzed for non-dialyzable manganese and copper by 
neutron activation technique. The mean values obtained for 88 subjects were 
().22 + 0.15 »g per cent for manganese and 19.6 + 8.1 yg per cent for copper. 
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PRELIMINARY NOTE 


Preliminary Estimation of Functional Thyroid 
Weights in a Selected Hyperthyroid Population'” 


William H. Gallaher, M.D., Richard P. Spencer, M.D., Ph.D. 


New Haven, Connecticut 


This study was performed to try to compare our clinical experience, that 
about one-fifth of the hyperthyroid patients seen here did not have a palpable 
thyroid, with an estimation of the weight of the gland gained from the scintilla- 
tion scan. Such an approach was felt necessary, since Williams and Bakke (1) 
stated that in their series of cases, the thyroid gland was palpable in all instances 
of hyperthyroidism, although at time of surgery many of the extirpated glands 
were not enlarged. If we re-define the problem as one of estimating the weight 
of thyroid tissue which takes up radioactive iodine, then scintillation scanning 
may be of use in outlining the thyroid, and hence in allowing its weight to be es- 
timated. The use of scintillation scanning in the estimation of organ volumes (and 
hence weights) has been discussed (2), and some of the difficulties noted. It can 
be appreciated that the more readily an organ accumulates a radioactive tracer, 
the more readily can it be distinguished from surrounding structures. The hyper- 
active thyroid, with its elevated iodine uptake, can usually be sharply demarcated 
from adjacent tissues. 

Scans were done 24 hours after oral administration of 50 microcuries of 
sodium iodide-I'*!, The scans were performed in the anteroposterior direction 
with the neck hyperextended by means of a pillow under the shoulders. A Picker 
Magnascanner with a small collimator was employed, using 0.25 cm between 
lines and a scanning speed of 18 cm per minute. The population reported here 


‘Supported by Grants HD 00411 and CA 6519 from the U. S. Public Health Service. 
*Department of Medicine, and Section of Nuclear Medicine, Department of Radiology, 
Yale University School of Medicine, New Haven, Connecticut. 
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was highly selected in that the following criteria were used: both clinical and 
laboratory evidence of hyperthyroidism was present, patients were over age 35 
and, hence, suitable for treatment with radioactive iodine in this laboratory, and 
no aberrant thyroid tissue or substernal extension was present. Data from 76 con- 
secutive cases, who met these criteria, are included in this study. Of these pa- 
tients, 16 were males (21%); this sex distribution is about the same as reported 
in other studies (3). A slight modification of the techniques of Goodwin and co- 
workers (4) and of Libby (5) was used to estimate the weight of the functioning 
thyroid tissue. 

Results are shown in Figure 1. By 10 grams in the figure is meant a weight 
between 0 and 10.0 grams; by 20 grams is meant a weight between 10+ and 20.0 
grams, and so on. The single case with the 10 gram functioning gland had a small, 
but very active, thyroid nodule. The mean weight of functioning thyroid tissue 
in the 76 cases was 55 grams; the mean value for males did not differ significantly 
from that of the females. An interesting figure that emerges is that 17 out of the 
76 glands (22%) had 30 grams or less of functioning tissue. This closely correlates 
with the initial clinical impression of 1 out of 5 hyperthyroid glands not being 
palpable. This figure was essentially the same in males (4 out of 16) and females 
(13 out of 60). At the other extreme, 17 of the glands were estimated to have over 
70 grams of functional tissue (5 out of 16 males, 12 out of 60 females). One pa- 
tient had an estimated gland weight of 150 grams, and 2 had 160 gram thyroids. 
This is consistent with the impression of Williams and Bakke (1) that only in- 
frequently is the thyroid more than 5 times normal size. We have assumed the 
normal weight of the thyroid gland in this population of patients of age 35 and 
over, to be about 30 grams; the study of thyroid weights by Mortensen and co- 
workers tends to validate this view (6). 
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Fig. 1. Estimated thyroid weights in a series of hyperthyroid patients. 
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There are certain valid objections to estimating the size and weight of tissues 
from anteroposterior scintillation scans alone (2). In a later study we hope to re- 
port on the use of combined anteroposterior and lateral views in estimating thy- 
roid weights. It is our impression at this point, however, that there will be no 
revision of the fact that 1 out of 5 hyperthyroid patients in this series will emerge 
as having a functioning gland weight of 30 grams or less. 
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Announcement 


The Section of Therapeutic Radiology and the Section of Radiobiol- 
ogy, Department of Radiology, University of California School of 
Medicine, San Francisco, are now offering a four-year training pro- 
gram in radiation therapy under the auspices of the National Cancer 
Institute of the National Institutes of Health. Clinical and basic 
training will be well integrated. The program is conducted jointly 
by Dr. Franz Buschke and by Dr. Harvey Patt. 


Those interested should write directly to the Training Director, Dr. 
Franz Buschke, Department of Radiology, University of California 
Medical Center, San Francisco, California 94122. 














INFORMATION FOR AUTHORS 


The Journal of Nuclear Medicine will publish original articles in clinical 
medicine, basic and clinical medical research, physics and chemistry dealing with 
the use of isotopes in humans, and articles on related subjects. The latter includes 
dosimetry, instrumentation, protection, techniques and biologic effects contribut- 
ing to the use or effects of isotopes in clinical medicine or the clinical effects of 
ionizing radiation. Articles are accepted for publication on the condition that 
they are contributed exclusively to this journal. 


MANUSCRIPTS must be typed doubled or triple spaced, the latter being pref- 
erable, and with at least a one-inch margin on each side of a standard size page. 
The original with one carbon copy must be provided. 


TABLES must have captions and be numbered consecutively in Arabic num- 
bers. 


ILLUSTRATIONS should be in black ink on hard white paper with all lettering 
of sufficient size and clarity to permit reduction. Each illustration must be identi- 
fied by a label pasted to the back indicating its number, the author’s name and 
an abbreviated title of the article. The top of the illustration must be clearly 
indicated. Illustrations must have descriptive legends grouped on a separate 
sheet (double spaced ). 


REFERENCES must be cited in the text by number in parentheses in order of 
appearance. A consecutive list according to reference numbers must be sub- 
mitted on a separate page, double spaced. Literature references must be cited 


in the following order: name of author, title of article, name of periodical, with 


volume, page, month (day of month, if weekly) and year. Book references must 
be cited in the following order: author’s name, name of book, editor’s name (if 
any ), city of publication, name of publisher and year of publication. 


Unused manuscripts will be returned by regular mail. Used manuscripts 
are not returned, however, used illustrations are returned after the article is pub- 


lished. 





(S96T-F96T) 93["PIH “A UYOL ‘(F96T 
E961) “AW ‘St¥9g “dT PPYL “(€961-296T) ‘AW “Af ‘PIPUXeW “YU ‘f “(Z96I-1961) “G’'W “P99 “opurT “(T96T-0961) “A'4d ‘sueaq 
‘O SMUT ‘(096T-6S61) ‘A'W “oumy “HY Amway ‘(6S6I-SS61) ‘A'W “opel “T Arua “(Sc6I-LS61) ‘GW “190nIg [TeYyssey ‘( LC6T 
“9S61) “SW “103/9H “[ ueutION “(9C6T-SS6T) “CW “SHUR OW ‘ (SS6I-FS6T) “CW “Sp99g sy “(FS6I-ES6T) “A'W “4D sewmoyy 





SUIDIPIyY IwapoONNY JO AZIN0G 9y} JO S}USpIsoIg 























Of course you want your scanner to be 
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of the recording system, the pulse 
height analyzer, the scan travel speed, 
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A Collimator For Scanning With Low-Energy Photons 


C. C. Harris,” J. C. Jordan,” M. M. Satterfield? 
Jack K. Goodrich, M.D.,° H. L. Stone, Ph.D.’ 
and Rebecca Hill’ 


Oak Ridge, Tennessee and Jackson, Mississippi 


Almost all collimators furnished with commercially available scanners were 
originally designed for gamma-ray energies in the 280-410 kev range. At the upper 
energies, they tend to have inadequate septal thickness; they have, however, 
unnecessarily thick septa and low transmission for the lower energies in this 
range. Some are deliberately designed to provide rather large volumes of re- 
sponse, é.g., 19-hole collimators for 3-inch diameter crystals. 

It is not surprising, therefore, that when such equipment was used at around 
30 kev (e.g., for °° or Cs'*!), counting rates were unnecessarily low. In addi- 
tion, the ability to portray very small regions of activity was disappointingly 
poor, in spite of the low energy of the rays. 

Excellent collimator-detector assemblies for I'*> have been reported by 
Harper, et al (1,2) but to date these have not been made commercially avail- 
able. Most clinical scanning results with I'*° have been obtained with unmodified 
commercial scanners. 

At the University of Mississippi Medical Center, cardiac scanning experi- 
ments on animals, using Cs'*!, brought the inadequacies of conventional scanning 
equipment to a head. There was urgent need for a collimator of better resolu- 
tion, coupled with the higher transmission that thin septa, permissible at this 
energy, could provide. 

The commercial scanner on which it was to be used was equipped with a 
3-inch diameter crystal and the usual assortment of collimators. Though this 
was clearly not an optimum detector or collimator situation for 30-kev x-rays, 
we felt that a simple expedient would allow better results, at least until proper 
equipment could be obtained. 

It was decided to make a collimator of formed, tapered, hexagonal tubes 
by folding soft lead foil around a pin from a 61-hole collimator (3) mold. These 
tubes would then .be used to build up a collimator array of the necessary size. 
A foil thickness of 0.005 inches was chosen for two major reasons. First, it was 
soft enough for easy forming, yet when formed, the tubes were surprisingly 
rigid. Second, the wall thickness of two adjacent tubes allows completely neg- 
ligible leakage at 30 kev. 

A large supply of the tubes was made by folding lead foil around the mold 

*Research sponsored by the U. S. Atomic Energy Commission under contract with the 
Union Carbide Corporation. 


*Oak Ridge National Laboratory. 
*University of Mississippi Medical Center. 
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Fig. 1. Photographs showing a single, hexagonal, tapered tube, the forming pin, and the com- 
pleted collimator assembly. 
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yin for one thickness with no overlap. A 61-hole collimator was used with the 
pins as a forming die, for a temporary holder for the tubes, and to serve as a 
zauge block for cutting the tubes to the required lengths. 

The tubes were then glued together with very thin films of Pliobond' to 
nake the collimator. The final assembly required 109 full tubes (and a few 
ubes that were split longitudinally to convert the hexagonal array to a circular 
me). The transmission is estimated at 85-90 per cent. Photographs are shown in 
Fig. 1. 


DIAMETERS OF RESPONSE LEVELS AT Focus, 109-HOLE COLLIMATOR 
Pornt (0.019”) SouRCE IN AIR 








Diameter, inches 
Response level I (23-38 kev) Hg'*" (60-90 kev) 





00% 
70% 
50% 
30% 
10% 
5% 
1% 
0.5% 
0.1% 
0.01% 


.08 0.09 
.16 0.172 
23 . 248 
-o2 
41 .424 
45 .466 
$2 .532 
54 

938 

.62 


© @o2 2 2 2 2 @:a © 





The response of the collamator to a point source of I'*° in air is shown in the 
table. Isorespunse plots show that, because the tubes had uniform wall thick- 
ness, the outer tubes aim at a point more distant than the aiming point of the 
inner ones. The unintended elongation of response (and lowered point-source 
efficiency at the focus) can be corrected by using strips of foil rolled to a tapering 
thickness, so that the taper of wall thickness will match the taper of the tubes. 
This suggestion by P. R. Bell will be followed if any more collimators of this 
type are made, since it is rather easily done. 

This collimator, designed in some haste, had the usual requirement that 
it must fit an already existing shield. Because this made it unnecessarily long 
for I'*> work, it turned out to be reasonably good for use with Hg!®’. Isoresponse 
curves for Hg? do not differ significantly from those for I'*> except at the lowest 
levels. The table shows that for a 60-90 kev energy band the focal response, in 
air, is only slightly broader than that found at 27 kev, except for the break in 
response diameter at about 0.2 per cent. We conclude, therefore, that for energies 
around 70 kev this collimator will provide resolution quite comparable to that 
of the 3-inch, 61-hole collimators, with the advantage that the on-target count 
rates will be about doubled. 


‘Goodyear Pliobond, W. J. Ruscoe Co., Akron, Ohio. 
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We have achieved an expedient solution to a problem. This solution, though 
not optimum, was obtained quickly and shows considerably improved results in 
the preliminary studies at the University of Mississippi Medical Center. It was 
felt at first that the collimator was excessively long and had an unnecessarily 
deep focus. Preliminary results show, however, that the collimator’s length allows 
use at higher energies. The long focus gives good response at the depth of the 
heart. The construction method may be of use to those making experimental 
collimators for use with low-energy x- and gamma rays. 

It is clear that older collimators are ill-suited for energies below about 140 
kev. Properly designed collimators must be made commercially available if 
maximum clinical usefulness is to be realized from radionuclides with emissions 
in this energy range. A hexagonal-hole version (giving about 10% more trans- 
mission than round holes) of the Argonne Cancer Research Hospital low-energy 
collimators for use with low-energy x- and gamma rays. 
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Announcement 


The Southeastern Section of the Society of Nuclear Medicine 
will hold a symposium comparing the techniques and results of 
scanning with ultrasonics and radioisotopes in Atlanta, Georgia, on 
October 22, 1964. 

The morning session will be devoted to a discussion of the 
fundamentals and techniques used in scanning with both these 
agents so as to obtain scans of optimum clinical value. Dr. Robert 
H. Rohrer, Mr. William B. Miller, and Mr. C. Craig Harris will 
participate in this portion of the program. 

The clinical applications of ultrasonic and radioisotopes scan- 
ning will be covered in the afternoon session. This will include the 
possible hazards of the techniques and the sensitivity and accuracy 
of the scanning information. Dr. Jack Goodrich, Dr. Richard T. 
Atkins, Dr. Albert J. Gilson, Dr. James Dobbs, and Dr. Joseph L. 
Izenstark will appear in this session of the program. 

Dr. Henry N. Wagner, Jr., Dr. Douglass H. Howry, and Dr. 
Merrill A. Bender will discuss topics in both the morning and after- 
noon sessions. 
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A Fifteen Minute Test of the Rate of Thyroid 
Trapping of Radio-Iodine 


Leonard Rosenthall, M.D.1 
MONTREAL 


Over the years a number of reports have been published dealing with early 
otake measurements of radioactive iodine by the thyroid gland (1,2,3,4,5,6,7), 
ticularly within the first 60 minutes. In general, the measurements have been 

more satisfactory in distinguishing hyperthyroidism from euthyroidism than the 
conventional 24 hour uptake, but of no practical help in diagnosing hypothyroid- 
ism (3,6). 

These authors used the per cent of administered dose accumulated in the 
gland as an index of functional capacity. In the test to be described in this paper 
continuous counts over the thyroid are obtained on a strip chart recorder after 
an intravenous injection of radioactive iodine in much the same manner as de- 
scribed by Larsson and Johnsson (4), Higgins (3) and Mosier (6). Instead of 
counting a separate standard and determining a per cent uptake of radioactivity 
in the gland after a given interval, a simple ratio of the net counts at 15 minutes 
to that at 5 minutes is obtained (R,,). This ratio, called the trapping index (R,,), 
the 24 hour uptake (T,,) and the clinical state are compared in 310 patients. 


METHODS AND RESULTS 


The patient is placed supine and a scintillation detector probe is positioned 
directly over the thyroid gland. The probe consists of a 20 degree divergent lead 
collimator associated with a 1.75 x 2 inch scintillation crystal (Baird Atomic 
Model 815 CL). The crystal-skin distance is 25 cm and at that level the 50 per 
cent isoresponse diameter is 15 cm. The discriminator is adjusted to the knee of 
the I'*1 integral spectrum. Counting rates are continuously registered on a strip 
chart recorder which is run at 0.75 inches per minute. The rate meter is set at 
a 10K scale and a 10 second time constant. 

With the patient in position and instruments set as described above, a back- 
ground recording is obtained for 1 to 2 minutes. Following this, the patient is 
given an intravenous injection of about 20 microcuries NaI'*!. As the bolus of 
activity passes under the probe an initial spike is observed on the chart which 
then settles and reflects the accumulation of I'* in the thyroid gland. 

The background activity, which is determined prior to injection, is subtracted 
from 2 points on the curve 5 and 15 minutes after the initial rise. The R,, is then 
calculated by dividing the net 15 minute count rate by the net 5 minute count 
rate. Typical hyperthyroid, euthyroid and hypothyroid curves are illustrated in 
Figure 1. 

The conventional 24 hour uptake is obtained by counting a known standard 
at a fixed distance and relating it to the dose administered and the net activity 
in the thyroid gland at the same distance. 


*Department of Radiology, Montreal General Hospital, MONTREAL. 
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During a 12 month period, approximately 750 patients were tested for 
thyroid function using both the trapping rate index and the 24 hour uptake. Of 
these 750 patients, 310 were seen and clinically evaluated by one or more mem- 
bers of the Endocrinology Department of the Montreal General Hospital. 

The relationship between R,,; and T,,, for values of R,; equal to or greater 
than 1, in all patients is given by, log R,,=0.292 Log T,,—0.334 (Fig. 2). The 
coefficient of correlation is 0.87. This relationship does not hold when R,, is 
less than 1. 

Figures 3 and 4 represent histograms of R,, versus clinical state, and T.,, 
versus clinical state, resp., of the 310 patients clinically evaluated. 


R,,; Versus Clinical State. 


Excluding 4 patients with iodine-induced goitres, the upper euthyroid limit 
of R,,, is 1.34. The lower hyperthyroid limit of R,; is 1.24. Of the 92 hyperthyroid 
patients, 8 (9%) had an R,, in the euthyroid range. 

Approximately 95 per cent of the euthyroid patients lie between 1 and 1.3 
(Table). 10 out of the 35 hypothyroid patients (28%) lie in this euthyroid range. 
There were 34 patients with an R,, equal to 1; 7 were hypothyroid and 27 were 
euthyroid, i.e., 74 per cent of those patients with an R,, of 1 are euthyroid. 

Thirty patients had an R,, less than 1. Of these 25 (83%) were classified as 
hypothyroid. The remaining 5 patients were euthyroid and 3 of these were in 
congestive heart failure. There were 35 hypothyroids in the study and 25 (71%) 
had an R,, less than 1. 


T,, Versus Clinical State. 


Excluding 1 patient with a 24-hour uptake of 72 per cent with an iodine- 
induced goiter, the upper euthyroid limit is 52 per cent. The lower hyperthyroid 
limit is 30 per cent. There were 90 hyperthyroid cases of which 34 (38%) over- 
lapped the euthyroid range. 

About 95 percent of the euthyroid patients had a T,, between 12 per cent 
and 46 per cent. 5 out of 34 hypothyroids (15%) lie in this euthyroid range 
(Table). 

Ris T 24 

Euthyroid Range* 1.0 to 1.3 12% to 46% 
No. of Hyperthyroids in Euthyroid Range 4/92 (4.5%) 17/90 (19%) 
No. of Hypothyroids in Euthyroid Range 10/35 (28%) 5/34 (15%) 
No. of Hypothyroids below normal Range 25/35 (72%) 29/34 (85%) 
Rs and Te, in Hypothyroid Range 

Clinically Hypothyroid 25/30 (83%) 29/38 (76%) 

Clinically Euthyroid 5/30 (17%) 9/38 (24%) 


*Range for 95% of Euthyroid Patients. 
13/5 were in congestive heart failure. 


Table. Analysis of the data on 310 patients assuming a euthyroid range of 1 to 1.3 for 
R,,, and a euthyroid range of 12 per cent to 46 per cent for the conventional 24 
hour uptake. 
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Thirty-eight patients had a T,, less than 12 per cent. Of these, 29 patients 
76%) were classified as hypothyroid. The remaining 9 patients were euthyroid. 
‘ighty-five per cent of the hypothyroid patients had a T,, less than 12 per cent. 


‘ffect of Change of Crystal-Skin Distance on R,,. 


The crystal-skin distance used in these studies to measure R,, was 25 cm. 
‘ was found that no significant measureable change occurred in the range of 22 
) 28 cm. A small increase was noted when the crystal-skin distance was reduced 
) 15 cm. This is explained by the fact that R,, is a ratio of the total neck counts 
t 15 minutes to 5 minutes, and a change in distance will effect both the numer- 
tor and denominator in the same direction. The small change in R,, is due to 
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Fig. 1. Typical euthyroid, hypothyroid and hyperthyroid curves. 
UPPER—Euthyroid patient with a 24 hour uptake of 28 per cent and an R,, of 1.27. 


MIDDLE—Hypothyroid patient with a 10 per cent 24 hour uptake and an R,, of 
0.88. 


LOWER—Hyperthyroid patient with a 24 hour uptake of 68 per cent and an R,, of 
1.58. 
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the thyroid count rate varying according to the inverse square law whereas the 
background activity does not. 
DISCUSSION 


The thyroid trapping index (R,,) was superior to the conventional 24 how 
uptake (T,,) in separating hyperthyroidism from euthyroidism. Nine per cent 
of the hyperthyroids fell within the normal limits using R,, compared t 
38 per cent for T,,. 

The 24-hour uptake had a slight edge in distinguishing euthyroidism 
from hypothyroidism. When R,, is less than 1, the majority (83%) will be hypo- 
thyroid, although in the presence of congestive heart failure the result may be 
misleading. 
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Fig. 2. A Log—log plot of R,, versus T,, for all patients with an R,, equal to or greater 
than 1. 
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The major source of error in the test is a partially extravascular injection of 
radioiodine. This will be reflected in a more steeply rising curve, i.e., a higher 
R,;, because the crystal is seeing both a rising background activity and thyroid 
uptake. A poor injection can be detected by checking the site of venapuncture 
with a radiation monitor. Alternatively, a second probe can be placed over the 
heart and a rising curve will signify an interstitial deposit. (The range of R,, 
for the heart is 0.75 to 0.95). 

The procedure is independent of the dose administered and this obviates 
the necessity of counting a standard—a potential source of error. Small changes 
in crystal-skin distance, of the order of 3 cm on either side of the 25 cm distance 
used to evaluate R,;, do not effect the result. This 3 cm difference could amount 
to a 30 per cent error in conventional uptake measurements. The technique pos- 
sesses the advantages of the other early uptake measurements described in the 
literature. Within 15 minutes the effect of TSH stimulation or T3 suppression 
can be determined. It may give a better insight into the pathophysiology of a 
thyroid defect. For example, 3 out of 4 patients with iodine-induced goitres had 
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Fig. 3. Histogram of R,, versus clinical state. 
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24 hour uptakes in the euthyroid range but had high trapping rates. The fourth 
patient had a 72 per cent 24 hour uptake and an R,, of 1.7. Two hypothyroid 
patients had normal trapping rates (1.16 and 1.18) and normal 24 hour uptakes 
(20% and 22%) with low protein-bound iodines, indicating a block in the release 
of organified iodine. 

Some large non-toxic goitres will show a high uptake at the end of 15 min- 
utes because the amount of parenchymal tissue is increased, but when the R,, 
is calculated it falls in the euthyroid range. On the other hand, small toxic 
adenomas may show a normal 15 minute total uptake because the functioning 
tissue volume is small, but a high trapping index in the hyperthyroid range will 
be obtained. The essential difference between the early uptake measurements 
reported by other investigators and the R,, is that the former measures the 
amount of activity in the gland in terms of the administered dose as an index 
of function. The R,, is a relative rather than an absolute measurement, and com- 
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Fig. 4. Histogram of 24 hour uptake (T.,,) versus clinical state. 
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ares the amount of activity in the gland in 15 minutes to itself at 5 minutes. A 
eference point earlier than 5 minutes was avoided because the initial spike on 
he recording was still descending in some euthyroid patients as late as 3 to 4 
iinutes after injection. A ratio calculated with an earlier reference point in these 
atients could have resulted in hypothyroid values. 

When 24 hour uptakes or thyroid scans are not required, I'*? can be used. 
ts short half-life (2.33 hours) and low radiation dose to the thyroid (about one 
iirtieth of I'*1) makes it eminently suitable. 

The R,, values derived in these studies are valid only for the design of 
ollimator used and at a 25 cm crystal-skin distance. Although correctly timed 
ounts at 5 minutes and 15 minutes will give the same result as continuous re- 
ording, the latter will detect changes in geometry and background radioactivity 
yy irregularities in the curve. 


SUMMARY AND ACKNOWLEDGEMENTS 


A simple 15 minute thyroid function test is described. Continuous recording 
of radioiodine activity over the thyroid gland following intravenous injection is 
obtained, and the ratio of the count rate at 15 minutes to 5 minutes is estimated 
(R,;). The relationship of R,; to the 24 hour uptake (T.,) is given by log 
R,,=0.292 log T,,—0.334, with a 0.87 coefficient of correlation. The value of R,, 
is independent of the administered dose and insensitive to small changes in 
crystal-skin distance. 

In 310 clinically evaluated patients the trapping rate index was found to be 
more sensitive in separating hyperthyroidism from euthyroidism than the con- 
ventional 24 hour uptake. The R,, and T.,, were about equally efficient in dis- 
tinguishing euthyroidism from hypothyroidism. TSH stimulation and T3 sup- 
pression can be readily determined and a greater insight into the pathophysi- 
ology of the thyroid disorder can be obtained by using this simple 15 minute test. 

The author wishes to extend his appreciation to R. Beique, Ph.D. and D. 
Rotenberg, Ph.D. for their many helpful suggestions and statistical analysis. 
Thanks are due Hazel Male for patient preparation of the manuscript. 
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Retention of Radioisotopes by 
Hair, Bone and Vascular Tissue’””® 


William H. Strain,‘ William P. Berliner, Charles A. Lankau, Jr., Richard K. 
McEvoy,‘ Capt. Walter J. Pories, MC USAF,* and Robert H. Greenlaw® 


Rochester, New York and Lexington, Kentucky 


INTRODUCTION 


Recent studies have shown that significant amounts of administered io- 
dine-131 (1), selenium-75 (2), strontium-90 (3, 4), and zinc-65 (5-8) accumulate 
in the hair. Since this appendage contains many inorganic elements, it is desirable 
to know how well hair reflects concentrations of radioisotopic and stable elements 
in the body. In the present work retention of vanadium-48 and zinc-65 are con- 
trasted because of the importance of their stable forms to vascular tissue, dis- 
similarity of body burden, and differences in metabolism. Vanadium, present 
in the body in microgram quantities (9), is an inhibitor of cholesterol biosynthesis 
(10-15) and is excreted largely in the urine (16,17). Zinc, found in the body in 
amounts nearly equal to iron (9), protects testicular blood vessels from damage 
by cadmium (18) and is eliminated principally by the pancreas (19). Accord- 
ingly, comparative studies have been made of vanadium-48 and zinc-65 retention 
in hair, bone, aorta, and other tissues using young and old rats of both sexes. 


METHODS 


Sprague-Dawley rats, maintained on Purina Laboratory Chow with free 
access to food and water, were used. The radioisotopes were carrier free HCl 
solutions of V*8OCI, (T/2 = 16 days) and Zn®Cl, (T/2 = 245 days)*. The 
experiments were conducted over a twenty day period with groups consisting 
of young and old male and female rats. The young males and females were three 


to four months old with the former weighing 300-450 gms and the latter 210-300 


1Presented at the Tenth Annual Meeting of Society of Nuclear Medicine, Montreal, Can- 
ada, June 28, 1963. 

"From the Departments of Radiology and Surgery, School of Medicine and Dentistry, The 
University of Rochester, Rochester, N. Y., and the Department of Radiology, School of Medi- 
cine and Dentistry, University of Kentucky, Lexington, Ky. 

®Aided in part by grants HE 07219 and NB 00692, National Institutes of Health, and 
grant RH 00042, Division of Radiological Health, Bureau of State Services, U. S. Public Health 
Service. 

‘School of Medicine and Dentistry, The University of Rochester, Rochester, N. Y. 

5Present Address USAF Hospital, Wright-Patterson AFB, Ohio. 

"School of Medicine and Dentistry, The University of Kentucky, Lexington, Ky. 

"The V“OCI, was obtained from Nuclear Science and Engineering Corporation, Pitts- 
burgh, Pennsylvania, and the Zn™Cl, from Oak Ridge National Laboratory, Oak Ridge, Ten- 
nessee. 
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ns. The old rats were discarded breeders over one year of age with the males 
eighing 400-540 gms and the females 280-390 gms. All rats were injected without 
1esthesia via tail vein with 1 ml of normal saline containing approximately 5 pc 
the isotope under study. Four rats from each group were sacrificed on the first, 
cond, fourth, sixth, tenth, and twentieth days post-injection. Tissue and organ 
mples were weighed fresh and analyzed for vanadium-48 or zinc-65 content 

a well-type gamma scintillation counter. All counts were corrected for decay 
y simultaneously counting aliquots of the injection solutions. 


RESULTS 


The radioisotope retention data for blood, liver, femur, aorta, and hair 
e expressed in percent of injection dose per gram. The values for vanadium-48 
re given in Table I and in Figure 1 whereas those for zinc-65 are given in Table 
ii and Figure 2. 
Blood. The blood data show that vanadium-48 retention declines more rapidly 
than zinc-65. Radiovanadium uptake is 0.34 per cent per gram of tissue at one 
day and drops to less than 0.03 per cent by six days, whereas radiozinc retention 
is 0.24 per cent at one day and reaches 0.05 per cent by twenty days. 
Liver. In both studies, liver retention is generally representative of the other 
visceral organs with zinc-65 retention greater than vanadium-48 in all comparable 
groups. Radiovanadium uptake is similar in all four groups. Young females are 
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Vanadium-48 retention values for five tissues in young and old, male and female rats. 
Hair retention correlates with aorta, bone, and liver, but not with blood, Bone reten- 
tion is much higher in young than in old rats. 
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higher initially with retention gradually decreasing from an initial median value 
of 0.57 to 0.12 per cent by day twenty. Radiozinc retention by liver falls from a 
one day high of 2.5-3.5 per cent to a twenty day level of 0.1-0.4 per cent. 


Femur. The effects of age and sex are particularly prominent in femur retention 
values. Vanadium-48 accumulation patterns for young males and females are 
almost identical, varying between 1.0 and 0.6 per cent retention during the study 
period. Old males and females are also similar to each other but have much less 
retention than the young rats. Femur uptake in young rats is significantly higher 
than any other organ examined except the kidney, the major route of vanadium 
excretion. In all groups other than old females, peak femur radiozinc uptake 
occurs within the first two days, and thereafter declines. 


Aorta. Since previous radioisotopic retention studies have not included exami- 
nation of vascular tissue, it is noteworthy that the aorta accumulates significant 
amounts of both vanadium-48 and zinc-65. Aortic tissue shows an initial rapid fall 
of radiovanadium content within two days post-injection, and then a more gradual 
decline paralleling the liver curve. Female rats have a higher initial vanadium-48 
uptake by the aorta than males, and old females retain much more in the aorta 
than any of the other three groups. Aortic retention of zinc-65 is similar in all four 
groups and shows greater radioactivity at twenty days than the visceral organs, 
liver and pancreas. Age has a definite influence on radiozinc retention by the 
aorta since young rats show a maximum buildup at two days, and old rats at four 
days. 

Hair. Hair retention patterns for both elements are strikingly different. Although 
the initial zinc-65 uptake is lower than vanadium-48, by twenty days the radio- 
zinc activity is 20-100 times greater than the radiovanadium in the hair. Thus, 
while the radiovanadium content of hair shows a gradual decline similar to the 
visceral organs, radiozinc continues to accumulate in the hair with time. The most 
noticeable difference in vanadium-48 retention is the prolonged four day uptake 
phase in old males versus the shorter one to two day peaks in the other groups. 
The maximum radiozinc uptake occurs earlier in the old females than in the other 
rats, and females show higher retention than males of the same age. After ten 
days, young rats develop a plateau of radiozinc retention, whereas old rats show 
a continued buildup. 

DISCUSSION 


The results of studies on vanadium-48 retention indicate that hair radioac- 
tivity correlates with that of aorta, femur, and liver, but not with blood. This 
correlation and the accessibility of hair suggest the use of this appendage as an 
indicator of the stable vanadium content of these tissues. Because vanadium in- 
hibits cholesterol biosynthesis, a way dt estimating aortic vanadium levels, even 
though indirect, is important experimentally and clinically. Retention variations 
associated with age and sex cannot be completely interpreted until stable vana- 
dium concentrations are known. This is extremely difficult because of. the very 
low levels of vanadium in body tissues, but spectrographic analyses show that 
rat hair contains 30-50 parts per billion of the element.’ 





The spectrographic analyses were performed by National Spectrographic Laboratories, 
Inc., 6300 Euclid Ave., Cleveland 3, Ohio. 
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There is good qualitative agreement among the data of the present study 
nd of previous investigations of radiovanadium retention in experimental ani- 
vals. Scott et al. (20) found that pentavalent radiovanadium was retained prin- 
ipally by the skeleton, testes, kidney, liver and muscle of rats, decreasing in the 
rder given. Séremark and associates (21,22) after injecting V,**O; in mice 
und by autoradiographic and retention studies that bone and dentine retain 
1e largest content of the radioisotope. 


Recent work has shown that increasing the dietary vanadium intake of ex- 
erimental animals reduces cholesterol aortic deposition (23), lowers the blood 
holesterol level (24), and reduces the predeposited cholesterol content (25). 
ewis (26, 27), investigating industrial workers exposed to vanadium, concluded 
hat their blood cholesterol values were significantly lower than suitable controls. 
letabolic studies by Curran et al. (28) with normocholesterolemic medical stu- 
lents given 125-150 mg daily of diammonium tartarovanadate, similarly showed 
blood cholesterol reduction without development of toxic effects. Variant clinical 
results have been obtained by Sommerville and Davies (29) and by Dimond 
ct al. (30) with reputedly the same preparation. Strain (31) pointed out in 1961 
that the drinking water in New Mexico, the State with the lowest death rate 
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Fig. 2. Zinc-65 retention values for five tissues in young and old, male and female rats. The 
aortic retention exceeds that of all tissues, except in old males, at ten days and is 
greater than the liver in all groups at twenty days. Hair retention increases with time 
and correlates only with bone retention. 
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OLD MALES 


0.13-0.19 
0.34—-0.45 
0.03-0.05 
0.11-0.16 
0.62-0.88 
0. 24-0. 38 
0.57-0.71 
0.07-0.35 
0.08—-0.08 
0.27-0.37 
0.16-0.29 
0.29-0.44 


0.10-0.11 
0.37-0.51 
0.03-1.49 
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0.09-0. 36 
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0.08-0.35 
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from cardiovascular disease in the United States (32), contains up to 70 parts 
per billion (ppb) of vanadium. He suggested this may contribute to the low 
death rate. Other reports (33, 34) supporting the presence of vanadium in New 
Mexican drinking water show a range of 20 to 150 ppb in the water. 

Zinc-65 retention studies indicate that hair radioactivity correlates to som« 
degree with that of femur but not with aorta, blood and liver. The work of Gilber: 
and Taylor (5) and of Ballou and Thompson (6) in similar experiments witl 
rats, using a single injection of zinc-65, showed that only femur and hair con- 
tinued to retain significant radioactivity for more than 250 and 300 days, re 
spectively. In chronic zinc-65 feeding experiments (6) the buildup of activity 
occurred principally in hair and femur. At 407 days, the hair activity was roughly 
twice that of the femur, 27 versus 12 percent of the daily dose. This unique 2:1 
relationship for hair:bone zinc content is also seen in stable zinc tissue analyses 
of pigs grown on different levels of supplemental zinc (35). Since it appears that 
both stable and radioisotopic zinc levels of hair reflect bone zinc concentrations, 
and soft tissue content of zinc-65 correlates well with blood levels, both hair and 
blood analyses might serve as indicators of the various zinc metabolic pools. 


In recent years there has been a very active interest in zinc metabolism with 
special attention to calcium/zinc and cadmium/zinc antagonisms. In food ani- 
mals, an important determinant of growth and feed efficiency is the dietary level 
and availability of zinc. Calcium is antagonistic to zinc and the proper cal- 
cium/zinc ratio is needed for maximum growth (35, 36). Parizek (18) and others 
(37, 38) have shown that cadmium administration produces permanent sterility 
in rats and other species with external testes. Coincident zinc administration 
protects the testes from cadmium damage which includes tubular epithelial de- 
generation, lowered sperm count, gross testicular atrophy, small vessel throm- 
bosis, and hemorrhage. Thus, animal studies indicate that zinc is an important 
factor for growth, testicular viability, and vascular tissue integrity. Prasad et al. 
(39-41) have recently described a zinc deficiency syndrome in man presenting 
with dwarfism, hypogonadism, and lack of secondary sex characteristics. This 
condition is apparently completely alleviated by the administration of zinc. 

The biological mechanisms by which various radionuclides are incorporated 
in hair evidently differ. Ryder (42) has shown that rats and mice injected with 
copper-64 did not localize the isotope in the follicle. It is known from the work 
of Leblond (43) that iodine is present in the hair as inorganic iodine, and pre- 
sumably radioiodine is inorganic also. Selenium-75 is present largely in the 
cystine fraction, but there is no information on the form of strontium-90 and 
zinc-65 in hair. There is no doubt other isotopes accumulate in this appendage, 
and the uptake may be determined by a variety of factors. 


SUMMARY 


Comparative studies have been made on the retention of intravenously ad- 
ministered vanadium-48 and zinc-65 by blood, liver, femur, hair, and aorta in 
young and old rats of both sexes over a period of twenty days. Although it is 
extremely low, the vanadium-48 hair retention pattern generally reflects the ac- 
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umulation of the radioisotope by the other tissues examined, except blood. 
Zinc-65 retention in hair continues to build up with the passage of time and ap- 
years to correlate only with the femur radioactivity. Age and sex are shown to be 
mportant variables in the retention of the two isotopes. 


REFERENCES 


. Brown-Grant, K. AND PetueEs, G.: The Uptake of “I by the Hair of the Rat. J. Physiol., 
152:474, 1960. 

. McConneE.u, K. P. anp KreAMER, A. E.: Incorporation of Selenium-75 into Dog Hair. 
Proc. Soc. Biol. Med., 105:170, 1960. 

3. STERNBERG, J.: Tissular Distribution and Placental Transfer of Strontium-90 in Pregnant 
Guinea Pig, in Strahlentherapie Suppl. 45:73, 1960. 

. Hopkins, B. J., TurrLe, L. W., Portes, W. J. AND Strain, W. H.: Strontium-90 in Hair. 
Science, 139:1064, 1963. 

. Grpert, I. C. F. anp Taytor, D. M.: The Behavior of Zinc and Radio-Zinc in the Rat. 
Biochim. Biophys. Acta., 21:545, 1961. 

BaALLovu, J E. AND THompson, R. C.: Metabolism of Zinc-65 in the Rat. Consideration of 
Permissible Exposure Limits. Health Phys., 6:6, 1961. 

. Saviov, E. D., Strain, W. H. anp Huecin, F.: Radiozinc Studies in Experimental Wound 
Healing. J. Surg. Res., 2:209, 1962. 

. Strain, W. H., Huecin, F., LANKAu, Jr., C. A., BERLINER, W. P., McEvoy, R. K. AND 
Portes, W. J.: Zinc-65 Retention by Aortic Tissues of Rats. Int. J. Appl. Radiat., 15:231, 
1964. 

. ICRP Publication 2: “Report of Committee II on Permissible Dose for Internal Radiation.” 
Pergamon Press, New York, New York, 1959. 

. Curran, G. L.: Effect of Certain Transition Group Elements on Hepatic Synthesis of 
Cholesterol in the Rat. J. Biol. Chem., 210:765, 1954. 

. Curran, G. L., AND AzarNorFF, D. L.: Inhibition of Cholesterol Biosynthesis in Man. 
A.M.A. Arch. Int. Med., 101:685, 1958. 

2. Anon: Vanadium Inhibition of Cholesterol Synthesis. Nutr. Rev., 17:231, 1959. 

3. Anon.: Vanadium Inhibition of Cholesterol Synthesis in Man. Nutr. Rev., 18:39, 1960. 

. Wricut, L. D., Li, L. F. anp Tracer, R.: The Side of Vanadyl Inhibition of Cholesterol 
Biosynthesis in Liver Homogenates. Biochim. Biophys. Res. Commun., 3:264, 1960. 

5. Azarnorr, D. L., Brock, F. E. Anp Curran, G. L.: A Specific Site of Vanadium Inhibition 
of Cholesterol Biosynthesis. Biochim. Biophys. Acta., 51:397, 1961. 

. Tarvitise, N. A. AND WacNER, W. D.: Studies in Vanadium Toxicology. II. Distribution and 
Excretion of Vanadium in Animals. Arch. Ind. Hyg., 9:414, 1954. 

. Perry, H. M. AND Perry, E. F.: Normal Concentrations of Some Trace Metals in Human 
Urine: Changes Produced by Ethylenediaminetetraacetate. J. Clin. Invest., 38:1452, 1955. 

. Parizek, J.: The Destructive Effect of Cadmium Ion on Testicular Tissue and its Preven- 
tion by Zinc. J. Endoc., 15:56, 1957. 

9. SHELINE, C. E., Cuarxorr, I. L., Jones, H. B. anp MontTcoMery, M. L.: Studies on the 
Metabolism of Zinc with the Aid of its Radioactive Isotopes. I. The Excretion of Admin- 
istered Zinc in Urine and Feces J. Biol. Chem., 147:409, 1943. 

20. Scorr, K. G., Hamitton, J. G., AND Wa.Lace, P. C.: The Deposition of Carrier-Free 
Radio-Vanadium in the Rat Following Intravenous Administration. UCRL-1318, May 18, 
1951. 

21. SOrEMaARK, R., ULLBERG, S. AND APPLEGREN, L. E.: Autoradiographic Localization of 

Vanadium Pentoxide (V,‘*O,) in Developing Teeth and Bones of Rats. Acta Odon. Scan., 
20:225, 1962. 
SOREMARK, R. AND ULLBERG, S.: Distribution and Kinetics of “V,O,; in Mice, in “Use of 
Radioisotopes in Animal Biology and the Medical Sciences”, Proceedings of a Conference 
held in Mexico City, 21 November-1 December, 1961, Academic Press, London, England, 
and New York, New York, 2:103, 1962. 





STRAIN, BERLINER, LANKAU, MCEVOY, PORIES AND GREENLAW 


. Curran, G. L. anp CosTELLo, R. L.: Reduction of Excess Cholesterol in the Rabbit Aorta 
by Inhibition of Endogenous Cholesterol Synthesis. J. Exp. Med., 103:49, 1956. 
MounTAIN, J. T., STOCKELL, F. R. AND SToKINGER, H. E.: Effect of Ingested Vanadium on 
Cholesterol and Phospholipid Metabolism in the Rabbit. Proc. Soc. Exp. Med., 92:582, 
1956. 

. Sotoman, R. D.: “The Reversibility of Advanced Atheromatous Lesions, Experimentally 
Produced.” Presented at the annual meeting of the American Society of Clinical Pathology, 
Seattle, 1961. 

Lewis, C. E.: The Biological Actions of Vanadium. I. Effects Upon Serum Cholesterol 
Levels in Man. Arch. Indust. Health, 19:419, 1959. 

. Lewis, C. E.: The Biological Effects of Vanadium. II. The Signs and Symptoms of Occu- 
pational Vanadium Exposure. Arch. Indust. Health, 19:497, 1959. 

Curran, G. L., AZARNoFF, D. L. AND Bo incer, R. E.: Effect of Cholesterol Synthesis 
Inhibition in Normocholesteremic Young Men. J. Clin. Invest., 38:1251, 1959. 
SOMERVILLE, J. AND Davies, B.: Effect of Vanadium on Serum Cholesterol. Amer. Heart 
J., 64:54, 1962. 

. Dronn, E. G., Caravaca, J. AND BENCHIMOL, A.: Vanadium. Excretion, Toxicity, Lipid 
Effect in Man. Amer. J. Clin. Nutr., 12:49, 1963. 

. Srrain, W. H.: “Effects of Some Minor Elements on Animals and People.” Paper pre- 
sented at the Amer. Assoc. for the Advancement of Science, Denver, Colo., December 29, 
1961. 

. Sroxincer, H. E.: Effects of Trace Amounts of Vanadium. Proceedings: Conference on 
Physiological Aspects of Water Quality. Research and Training Grants Branch, Division of 
Water Supply and Pollution Control, U. S. Public Health Service, Washington 25, D. C., 
September 8-9, 1960. 

. ENTERLINE, P. E. AND STEWART, W. H.: Geographic Patterns in Deaths from Coronary 
Heart Disease. U. S. Public Health Reports, 71:849, 1956. — 

. Taytor, F. B.: Significance of Trace Elements in Public, Finished Water Supplies. J. 
AWWA, 55:619, 1963. 

. Lewis, Jr., P. K., Hoexstra, W. G. AND GruMMeER, R. H.: Restricted Calcium Feeding 
Versus Zinc Supplementation for the Control of Parakeratosis in Swine. J. Anim. Sci., 
16:578, 1957. 

. Tucker, H. F. anp SaLmMon, W. D.: Parakeratosis or Zinc Deficiency Disease in the Pig. 
Proc. Soc. Exp. Biol. Med., 88:613, 1955. 

MEEK, E. S.: Cellular Changes Induced by Cadmium in Mouse Testis and Liver. Brit. J. 
Exp. Path., 40:503, 1959. 

. Gunn, S. A., Goutp, T. C. AND ANbERSON, W. A. D.: The Selective Injurious Response 
of Testicular and Epididymal Blood Vessels to Cadmium and its Prevention by Zinc. 
Amer. J. Path., 42:685, 1963. 

. Prasap, A. S., MIALE, Jr., A., Fart, Z., SANDSTEAD, H. H., ScHuLErRT, A. R. AND Darsy, 
W. J.: Biochemical Studies on Dwarfism, Hypogonadism, and Anemia. A.M.A. Arch. Int. 
Med., 111:407, 1963. 

. Prasap, A. S., MIALE, Jr., A., Farm, Z., SANDsTEAD, H. H. AND ScHULERT, A. R.: Zinc 
Metabolism in Patients with the Syndrome of Iron Deficiency Anemia, Hepatospleno- 
megaly, Dwarfism, and Hypogonadism. J. Lab. Clin. Med., 61:537, 1963. 

Prasap, A. S., SCHULERT, A. R., MIALE, Jr., A., FArmp, Z. AND SANDSTEAD, H. H.: Zinc 
and Iron Deficiencies in Male Subjects with Dwarfism and Hypogonadism but without 
Ancylostomiasis, Schistosomiasis or Severe Anemia. Amer. J. Clin. Nutr., 12:437, 1963. 
Ryper, M. L.: Nutritional Factors Influencing Hair and Wood Growth. In “The Biology 
of Hair Growth,” W. Montagna and R. A. Ellis, editors. New York, New York, Academic 
Press, 1958, pp. 305-334. 

. Lesionp, C. P.: Chemical Form of the Iodine Present in the Hair of the Rat. Endocr., 
54:105, 1954. 





JOURNAL OF NUCLEAR MEDICINE 5:675-680, 1964 


I Therapy For Hyperthyroidism: A Plea for Less 
Conservatism in Complicated Cases’ 


Joel I. Hamburger, M.D., George Kadian, M.D., Herbert W. Rossin, M.D., 
and Richard Sills, M.D. 


Southland, Michigan 


Since the advent of radioiodine therapy for hyperthyroidism there has been 
concern for the small proportion of patients so treated who develop permanent 
aypothyroidism (1,2,3, & 4). Nevertheless the absence of other more serious com- 
plications associated with surgery or antithyroid drug therapy has led to the 
gradual acceptance of I'*! as the treatment of choice for hyperthyroidism in 
the adult (5). 

Some physicians employ small doses of I'*', preferring to retreat rather than 
risk hypothyroidism (6 & 7). We would agree with those who contend that such 
an approach serves only to delay achieving a remission in the hyperthyroidism 
and simply postpones the inevitable incidence of hypothyroidism (8). Further- 
more inadequate doses of I'! may, by delaying the control of the hyperthyroid- 
ism, lead to disastrous consequences, especially in the elderly and the thyro- 
cardiac. In the standard references treating the subject of I'*! therapy surprisingly 
little attention is paid to the desirability of higher dose I'*! therapy in these 
special instances (9,10,11 & 12). Yet the problem of Post-I'*! hypothyroidism is 
discussed in detail by these authors. 

It is the purpose of this paper to emphasize the point that prolonged hyper- 
thyroidism in the elderly and the thyrocardiac may result in significant morbid- 
ity and even mortality. Whereas hypothyroidism, anticipated and properly man- 
aged, is an insignificant problem. 

CASE REPORTS 


Case I. The patient was a 72-year-old Negro woman seen first in July of 
1962 with classical, severe hyperthyroidism. The thyroid was diffusely enlarged 
to three times normal size. The 24-hour radioiodine uptake was 70 per cent. Five 
mc of I'8! was administered. This dose was selected on the premise that retreat- 
ment was preferable to hypothyroidism. In September of 1962 the patient was 
hospitalized in thyroid storm. Treatment included intravenous iodides, steroids, 
reserpine and full blocking doses of tapazole. Prompt improvement was obtained | 
on this regimen. The patient was discharged after 2 weeks with instructions to 
remain on tapazole until she was deemed ready for treatment with I'*!. One 
month after discharge the patient discontinued her medications since she con- 
sidered herself well. She did not return for further follow-up examination until 
January of 1963 when she was again hospitalized in thyroid storm and expired 
in spite of the usual treatment. 


‘Northland Radioisotope Laboratory, Southfield, Michigan. 
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(Comment: Concern for the production of hypothyroidism lead to persistence in 
the hyperthyroidism which ultimately proved fatal. Had the risks of hyperthy- 
roidism to this patient been more carefully evaluated, a substantially larger initial 
dose of I'*! might have been given and this fatality avoided. One might attribute 
this unsatisfactory result to poor patient cooperation but it is equally likely 
that failure to attain prompt control of the disease was the cause of the poor 
cooperation. At any rate, this case exemplifies the fact that the elderly may not 
tolerate prolonged hyperthyroidism and should not be exposed to this risk. ) 


Case II. The patient was a 79-year-old white woman who, while being treated 

by the psychiatric service of a general hospital for extreme anxiety with agitation, 
was discovered to have hyperthryoidism. The PBI was 9.9 pg% and the 24- 
hour radioiodine uptake was 37 per cent. The scan revealed an hyperfunc- 
tioning nodule 3x4 cm in diameter. No cardiac involvement was noted other 
than a sinus tachycardia of 112 per minute. On June 13, 1960, 20 mc of I'*! was 
administered. In August, the patient developed an acute bout of atrial flutter 
with variable block. Congestive heart failure promptly ensued. Hospitalization 
with rapid digitalization, diuretic and reserpine therapy quickly improved the 
patient. A 24-hour radioiodine uptake was 24 per cent. The PBI was 8.5 pg. 
The scan again revealed all the function localized to the previously noted 
nodule. A 50 mc dose of I'*! was given 5 days after admission. Two months 
following this therapy the patient was in sinus rhythm. All medication with 
the exception of digitalis was withdrawn. When last: seen in October the 
patient was euthyroid and, except for progressive senility, well. 
(Comment: The initial 20 mc dose was considered high, and given in the hope 
of assuring success with a single treatment in this elderly patient. The marked 
radioresistance of the autonomous hyperfunctioning nodule (13) was not 
appreciated. ) 


Case III. The patient is a 44-year-old Negro woman who presented in frank 

congestive failure. A diagnosis of rheumatic heart disease with mitral insuffi- 
ciency was made. Because of a diffuse goiter twice normal in size, tremor, weight 
loss and heat intolerance a complicating hyperthyroidism was suspected. The 
24-hour radioiodine uptake was 55 per cent. Radioiodine therapy was contem- 
plated. Our usual dose for such a patient would be 7 mc. Because of the asso- 
ciated heart disease, 14 mc was given. Within 6 weeks the patient was clinically 
well. By 10 weeks signs of early hypothyroidism were detected and treatment 
was instituted with desiccated thyroid 1 grain daily. This was increased to 2 
grains daily in 3 weeks and continued at that level. The patient has remained 
well with no additional medication for over 6 months. 
(Comment: Although lifelong thyroid replacement may prove necessary this 
patient returned to full activity only 2 months after facing a life-threatening 
medical problem. A prolonged period of disability which ultimately might have 
terminated with the same need for thyroid medication was avoided. ) 

Case IV. The patient was a 59-year-old white woman complaining of nerv- 
ousness and palpitation. A sinus tachycardia of 120 per minute was present and 
bouts of paroxysmal atrial tachycardia were confirmed. A 4 cm thyroid nodule 
was detected on the right side of the neck. The 24 hour radioiodine uptake was 
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‘ per cent. Figure I is the scintigram which reveals an autonomous hyper- 
nctioning nodule completely suppressing function of the extra nodular thyroid 
ssue. 40 me of I'3! was administered. Reserpine 0.25 mg. q.i.d. was given for 2 
eeks then t.id. for 2 weeks, then b.i.d. for 2 weeks and then discontinued. By 6 





Fig. 1. Case IV I™ scintigram prior to I therapy revealing an autonomous hyperfunctioning 
nodule. 





Fig. 2. Case IV I" scintigram after I therapy revealing restored function in previously sup- 
pressed normal thyroid tissue. 
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weeks the patient was well. Fig. 2 is the scintigram 3 months after the ['% 
therapy. Note that the previously suppressed areas of the gland now function 
well. The 24-hour radioiodine uptake was 22 per cent. 

(Comment: The large dose of 40 mc was given in consideration of the radio. 
resistant nature of these lesions (13). There was no fear for hypothyroidism 
since the suppressed thyroid tissue could confidently be expected to functio1 
after the hyperfunctioning nodule was eliminated. The fact that the beta radia 
tion of I'*!, the radiation primarily responsible for the therapeutic effects of ['*! 
travels only a few mm in tissue protects adjacent suppressed thyroid fron 
radiation damage. ) 


DISCUSSION 


Unwarranted concern for post I'*! hypothyroidism may lead to a disastrous 
prolongation of the hyperthyroid state. Treatment is a simple matter when antici- 
pated and therapy is properly instituted prior to the development of a marked 
hypothyroid state. Regular administration of exogenous thyroid constitutes no 
hazard and only minimal inconvenience and expense to the patient. One must, 
of course, inform the patient of the necessity for lifelong administration of the 
thyroid, for untreated hypothyroidism would certainly be undersirable. The physi- 
cian must also observe carefully for early clinical evidence of hypothyroidism to 
assure that treatment is promptly instituted. This is not to imply that the higher 
doses of I'*! recommended in these special instances will uniformly produce per- 
manent hypothyroidism. On the contrary, although the higher the dose of I'*" 
administered, other things being equal, the greater the likelihood of hypothyroid- 
ism, nevertheless an occasional patient will still require additional I'*! to control 
the hyperthyroidism. Even these few patients should experience considerable 
improvement. 

In contrast hyperthyroidism inadequately treated may lead to severe im- 
pairment of myocardial function with intractable failure and/or arrhythmias. 
The effects of prolonged hyperthyroidism per se can lead to marked debility and 
even death. 

It has been our experience as well as that of Skillern et al (13) that the 
autonomous hyperfunctioning nodule is a relatively radioresistant lesion. For- 
tunately adjacent and contralateral normal thyroid tissue is suppressed by the 
hyperfunctioning nodule and thus does not concentrate I'*!. Since the principal 
therapeutic effects of radioiodine result from beta radiation, which travels only a 
few millimeters in tissue, function in the normal thyroid tissue is preserved and 
hypothyroidism is no concern. 

The report of Eller et al (9) that patients with toxic nodular goiter do not 
require larger doses of I'*! to achieve a successful result does not contradict the 
above position. These authors made no attempt to differentiate patients with 
diffuse hyperfunction and incidental nodules (a common disorder) from those 
with autonomously hyperfunctioning lesions (an uncommon disorder) as de- 
fined by Miller and Hamburger (14) and others (15), and to which the remarks 
of Skillern (13) were addressed. We agree that the former group will be treated 
successfully with nearly conventional doses of I'*!. It is the autonomous hyper- 
functioning nodules which require a significantly larger dose. 

Our criteria for consideration of larger dose I'*! therapy are as follows: 
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1. The thyrocardiac. In this group we include those patients who have ex- 
yerienced congestive heart failure or cardiac arrhythmias (other than sinus 
achycardia ) while hyperthyroid. 

2. The elderly patient or the patient with concomitant disease in whom one 
right anticipate prolonged hyperthyroidism would carry an extra hazard. 

The patient with an autonomous hyperfunctioning nodule who fulfills the 
bove criteria is particularly suited to high dose I'*! therapy since hypothy- 
oidism will not occur. 

In our clinic double the usual dose of I'*! is given patients who qualify 
or extra dose therapy. 

The following considerations are weighed in the calculation of the dose of 
.'31 for the usual hyperthyroid patient. 

1. Size of the gland. The larger the gland the larger the dose. 

2. Physical characteristics of the gland on palpation. Multinodular glands 
are treated with slightly more I'*! than diffuse glands even though function is 
diffuse in both cases. In patients with proved autonomous hyperfunctioning 
nodules (14) we administer a dose adequate to deliver 15-20 mc ['*! to the 
nodule. This will usually require 30-50 mc. 

3. Age of the patient. Younger patients are given a slightly lower dose since 
permanent hypothyroidism would require treatment for a proportionately longer 
time. 

4, Severity of the hyperthyroidism. More severely hyperthyroid patients 
are given more I'*! since the disease carries a greater risk than the possibility 
of hypothyroidism. 

(Note: We no longer believe that the 24 hour radioiodine uptake is a factor of 
major significance in the calculation of the dose in I'*! therapy. In the past we had 
administered higher doses to those with lower uptakes and vice versa. With 
this approach we observed a higher incidence of Post I'*! hypothyroidism in the 
patients with the lower uptakes and a higher incidence of the necessity for re- 
treatment in the patients with higher uptakes. The uptake alone does not give 
information about the duration of retention of the therapeutic dose, and the 
latter would bear more directly upon the radiation delivered. A possible ex- 
planation of our observations might be that patients with higher uptakes have 
more rapid turnover, hence the effects of uptake and turnover would cancel one 
another. This is an area in which further investigation would be informative. ) 

On the basis of the above considerations the usual dose of I'*! employed in 
patients with diffuse hyperfunction of the thyroid is from 5 to 12 mc, with an 
average dose of 8 mc. These doses are similar to those proposed by most authori- 
ties (8,9,16). Patients with diffuse hyperthyroidism satisfying our criteria for a 
larger I'*! dose are given double this estimated dose. 

Silver et al have recently stressed the desirability of producing a prompt 
remission in the hyperthyroidism of patients with associated heart disease (16). 
Their average dose for cardiacs as 11.5 mc compared to 7 me for the entire 
series of hyperthyroids. However, close inspection of their data reveals that 
54 per cent of their cardiacs received 8 mc or less, and 70 per cent received 
11 me or less. Thus only 48 per cent of these patients were treated successfully 
ith a single dose of I'*1, In excess of 25 per cent required 3 or more doses. These 
results are not too different from those with their uncomplicated patients. 
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Hence even where an awareness of the problem exists apparently there remain 
a reluctance to depart significantly from the hallowed path of conservatism. 


SUMMARY AND CONCLUSIONS 


1. Where a prolonged hyperthyroid state would constitute a special hazarc 
consideration should be given to therapy with large doses of I'*!. A dose twic 
that usually employed is suggested for diffuse hyperthyroidism. In patients wit 
autonomous hyperfunctioning nodules a dose adequate to deliver 15 - 20 mc ['* 
to the nodule is employed. 


2. Post I'*! hypothyroidism, if anticipated and promptly treated, is a rela 


tively minor therapeutic problem, causing only insignificant inconvenience anc 
expense to the patient. 


3. Prolonged hyperthyroidism may be lethal in the elderly, the debilitated 
and the thyrocardiac. 
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Studies of In Vitro Incorporation of p” 
By Human Erythrocytes"** 
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Hines, Illinois 


During a study of the rate of incorporation of P*? into some high energy 
phosphate compounds of erythrocytes from schizophrenic and nonschizophrenic 
subjects (1) we observed unusual effects of the environmental conditions upon 
this rate. Although considerable effort has been expended investigating the 
mechanism (2-9) of P% transfer across the erythrocyte cell membrane we found 
only one article reporting the effect of different environmental conditions upon 
the uptake of P’* by erythrocytes (9). Therefore, we designed these experiments 
to determine the effect of different environmntal conditions upon the incorpora- 
tion of P%? into erythocytes. 


II, EXPERIMENTAL METHOD 


Fifty ml of blood were obtained by venipuncture from fasting clinically 
healthy adult males and put into test tubes containing heparin (0.24 mg/ml 
blood). In the experiments, unless otherwise indicated, the following experi- 
mental design was used: 10 ml aliquots of whole blood were transferred into 
glass beakers, then one ml of 0.85 per cent NaCl containing 10 pc of carrier-free 
P*? was added to each aliquot of blood. This volume of 11 ml was kept constant in 
all of the experiments. The beakers containing the samples were covered with 
parafilm, and incubated in a Dubnoff Shaking Incubator at 37° C and 60 oscilla- 
tions/min. The incubation period was two hours. In a few cases, one hour was 
used. After incubation, each sample was centrifuged, at 7,700 xg and 2°C, for 
10 minutes. The supernate was removed and the erthrocytes were washed once 
in 0.85 per cent NaCl. Then the erythrocytes were extracted with 10 ml of 2.0 N 
perchloric acid. The sample was centrifuged at 12,000 xg for 10 minutes at 0°C 
to remove the acid insoluble material. The supernate was neutralized with KOH 
using methyl red as an indicator. Thirty minutes later the sample was centrifuged 
at 12,000 xg 2nd 0°C for 10 minutes to obtain a clear, neutralized supernate. A 
1:10 dilution of this supernate was made and aliquots of this solution were as- 
sayed for radioactivity in a Packard Tri-carb liquid scintillation counter. The 
following assay conditions were used: 0:3 ml of diluted extract, 5.7 ml of absolute 
ethanol, and 14.0 ml of a phosphor mixture (0.4% PPO and 0.08% POPOP) dis- 
solved in toluene. The counting efficiency of this system was approximately 80 
per cent. 


*From the Stritch School of Medicine, Loyola University, Chicago, and Veterans Admin- 
istration Hospital, Hines, Illinois. 

*This investigation was done during a clinical investigatorship in Veterans Administration 
Hospital, Hines, Illinois. 

*This investigation was supported in part by a grant from the Psychiatric Training and 
Research Fund of the Illinois Department of Mental Health. 


681 





CUSTOD, BERNSOHN AND REMENCHIK 


Il. RESULTS 


1. Container Size: The data in Table I show the effect of beaker size upon 
P32? uptake. When the blood volume remained constant, increasing the size of the 
beaker from 20 to 100 ml produced an approximately sixfold increase in P** 
uptake. No additional increase in uptake was noted in the 250 ml beaker. Similar 
results are shown in experiment No. 2, with an incubation period of 1 hour. 
It is evident that the P** uptake value for the 50 ml beaker approximated that 
of the 100 ml beaker. 


2. Volume of Blood: A corollary experiment was done. The beaker size was 
kept constant and different volumes of blood used. Either 0.85 per cent NaCl or 
plasma served as the diluent to make the final volume of 11 ml. When NaCl was 
used, the plasma was removed, the cells were washed once with isotonic saline, 
and the required amount of 0.85 per cent saline was added to reconstitute the 
original volume of blood. (Table II) It is evident that the ratio of blood volume 
to beaker volume is critical for optimal P*? uptake. This finding agrees with Fein- 
stein et al (9), and confirms the results reported above. These data indicate that 
more than one effect is operating to produce these results, namely, the volume 
ratio effect, and the influence of the extracellular medium. The latter effect will 
be reported later. When saline is used as the diluent, a much smaller increase in 
uptake occurs in 100 ml beakers as the blood volume is decreased. These data 
indicate that the optimal beaker volume/blood volume ratio is approximately 10. 
Similar, but less striking, changes in uptake in different size beakers occurred 
when plasma was used as the diluent. 

3. Aerobic vs. Anaerobic Environment: After the incubation period was com- 
pleted, the blood in the larger beakers (100 ml or 250 ml) was more oxygenated 
than the blood in the smaller size breaker, therefore, the effect of aerobic vs. 
anaerobic conditions was studied. To produce anaerobic conditions, the blood 
samples were incubated under 95% N,-5% CO,, and compared to blood samples 
incubated in the usual way. No differences in P®* uptake were observed (Table 
III) between the two incubating conditions. 


4. Shaking Rate: We inferred from these data that a surface factor was 
responsible for these observations. In order to study this hypothesis the effect 
of the rate of shaking the cells upon the P®* uptake was determined. The shaking 
rate does influence the uptake. (Table IV) In experiment No. 1 a 30 per cent in- 
crease in uptake occurred when the shaking rate was increased from 60 to 90 
oscillations/min. The uptake of P** increased 250 per cent when the shaking rate 
was changed from 60 to 120 oscillations/min. Only a slight increase in uptake oc- 
curred when the shaking rate was increased from 30 to 60 oscillations/min. 

5. Precision of Method: Effect of Saline Rinsing. An experiment was per- 
formed to assess the precision of our experimental method; in addition, the effect 
of the number of saline rinses was studied. The results indicate that duplicate 
samples agree within 4 per cent, and that additional saline rinses do not signifi- 
cantly change the results (Table V). 

6. Paraffin-coated Beaker vs. Regular Beaker: 


The influence of the glass surface upon P*? uptake was evaluated by coating 
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he beaker with paraffin prior to incubation. There is no appreciable difference 
if uptake between the two types of containers (Table VI). 

7. Concentration of Heparin: 

Heparin, ranging from 0.05 mg/ml of blood to 1.0 mg/ml of blood was used 
o ascertain if any influence upon P** uptake could be attributed to the anti- 

oagulant. It is evident (Table VII) that the same P** uptake occurred for all 
oncentrations of heparin. 

8. P** Uptake as a Function of P** Dose: 

P*? in concentrations ranging from 0.01 to 10.0 wc was added to 10 ml 
iliquots of blood and the uptake measured. Figure I shows that a linear relation- 
ship exists between the amount of P*? added and its uptake by a standard 
rythrocyte preparation. 

9. Influence of the Extra-cellular Medium on P** Uptake: 

Two and a half ml of whole blood were centrifuged for 10 minutes at 7,700 
«g at 2° C, the plasma removed by aspiration and replaced by an equal volume 
of saline. The hematocrit was assumed to equal 50 per cent. The data are pre- 
sented in Table VIII. These data demonstrate again that at least two factors 
are influencing P*? uptake. 

10. Effect of Rate of Centrifugation of P** Uptake: The possibility that sub- 
jecting the red cells to a centrifugational speed of 7,700 xg prior to incubation 
might change their permeability characteristics led us to compare this speed 
with a slower rate of centrifugation (i.e., 270 xg). As shown in Table IX, there 
was no appreciable change in P*? uptake when cells were separated at the higher 
speed. Again a significant increase in uptake was observed in the saline medium 
as compared to the plasma, indicating that the observable differences obtained 
in two different extracellular environments were not due to centrifugation 
artifacts. 

1l. Effect of Additives: These experiments were designed to evaluate the 
effect of addition of albumin and inorganic phosphate upon P*? uptake by human 
erythrocytes suspended in saline. The addition of albumin to the suspension pro- 
duced a slight decrease in P®* uptake while addition of albumin and phosphate 
produced a more marked decrease in P*? uptake than did albumin alone (Table 
X). Addition of 4 mg per cent phosphate to a saline suspension of erythrocytes 
decreased the P** uptake 40 per cent. Other items to be noted are the follow- 
ing: (1) there was no difference in P?? uptake between control 2a and control 
2b despite the fact that there was plasma in control 2b; actually, the extra cel- 
lular phosphate concentration in control 2b becomes negligible after addition of 
7.5 ml saline. (2) The uptake of P*? in the saline medium is twice that in plasma. 
(3) Addition of 4 mg% phosphate to the saline suspension produced a P*? uptake 
approximately that of the plasma suspension, i.e., 8.20 per cent and 7.43 per cent, 
respectively. 

12. Addition of Inorganic Phosphate Concentration to Saline Medium: 

Since we had established that in a saline medium physiological concentra- 
tions of phosphate depressed the P?? uptake to a significant degree, we were 
interested in determining the effect upon P*? intake of changing the inorganic 
phosphorus concentration. It is readily apparent (Table XI) that increasing the 
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phosphate concentration in the saline medium causes a decrease in P** uptake. 
In experiment No. 1, using a phosphate range of 0.8 mg % to 40.0 mg %, P®? uptake 
was 85 per cent to 35 per cent of the control sample. In experiment No. 2, when 
the phosphate range of 1.6 mg-160mg % was used, the P*? uptake was 90 to 25 
per cent of the control sample, respectively. In experiment No. 3, we used a com- 
bination of saline and plasma for the incubating medium in order to provide the 
medium with the constitutents of plasma. Increasing phosphate additions from 
0.15 mg per cent to 3.30 mg % caused significant depression of uptake. Thus, the 
uptake was from 90 to about 50 per cent of the control sample; and in this case, 
the control sample contained phosphate. 


TABLE ! 


EFFECT OF CONTAINER SIZE Upon P*®? UPTAKE BY HUMAN ERYTHROCYTES 








Beaker Blood Incubation % P® Incorporated/10 ml Blood* 
Vol Vol Period 
(ml) (ml) hrs Expt. No. 1 Expt. No.2 








20 10 7.39 — 
100 - 42.75 oa 
250 m — 





20 8.74 
30 21.08 
50 28.06 
100 29.73 





*10 uc P® was used in all of the experiments reported in this and the subsequent tables. 


TABLE II 


EFFECT OF BLoop VOLUME Upon P® UptakE By HuMAN ERYTHROCYTES 








Whole 0.85% % P* Incorporated/10 ml Blood 

Beaker Blood NaCl Plasma 
Vol Vol Vol Vol Expt. Expt. Expt. Expt. 
(ml) (ml) No. 1 No. 2 No. 3 No. 4 








10. — 5.41 8.33 7.92 13.06 
5. 5.0 — 22.32 27.30 22.16 25.76 
2. 7.8 40.36 52.24 49 . 36 39.44 
10. — 3.38 en — 
5. — 1.62 — — 
2. ; 1.80 — — 
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IV. DISCUSSION 


Glycolysis is the main source of energy for the erythrocytes (10). Also, gly- 
colysis plays an important role in phosphate transport into the red cell. (2) 
However, there is disagreement as to whether the mechanism of phosphate trans- 
port is by diffusion (3,4) or by an active transport mechanism (3,5,6). Recently, 


TABLE III 


EFFECT OF AEROBIC AND ANAEROBIC CONDITIONS Upon P®? UpTAKE BY HUMAN 
ERYTHROCYTES 








Beaker % P* Incorporated/10 ml Blood 
Vol Atmosphere 
(ml) Expt. No. 1 Expt. No. 2 Expt. No. 3 








20 ; Aerobic 10.86 9.77 5.95 
” Anaerobic . 7.92 15.14 5.99 





TABLE IV 


EFFECT OF SHAKING RATE Upon P® UPTAKE BY ERYTHROCYTES 








Blood % P*® Incorporated/10 ml Blood 
Vol Shaking Rate 
(ml) (osc/min) Expt No. 1 Expt. No. 2 Expt. No. 3 








30 - 7.16 
60 9.68 9.19 
90 on 
120 (a) 23.24 

(b) 24.59 





TABLE V 


COMPARISON OF NUMBER OF WASHINGS OF CELLS Upon P® UptakE BY HUMAN 
ERYTHROCYTES 








Number % P* Incorporated/10 ml Blood 
of 
Rinses Expt. No. 1 Expt. No. 2 








12.93 12.84 
13.43 12.79 
11.44 12.12 
11.53 12.21 
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TABLE VI 


EFFECT OF PARAFFIN COATED BEAKER SURFACE Upon P®? UpTtaKE BY HuMAN 
ERYTHROCYTES 








Beaker % P® Incorporated/5 ml 
Vol Beaker 


(ml) Treatment Expt. No. 1 Expt. No. 2 








100 25.63 25.90 


. Paraffinized 24.86 23.87 





TABLE VII 


EFFECT OF DIFFERENT CONCENTRATIONS OF HEPARIN Upon P® UPTAKE BY 
HuMAN ERYTHROCYTES 








Heparin % P* Incorporated/10 ml 
(mg/ml blood) blood 





.05 44.01 
24 45.00 
43.15 





TABLE VIII 


COMPARISON OF EFFECT OF PLASMA AND SALINE UPON P®? UPTAKE BY HUMAN 
ERYTHROCYTES 








Beaker Erythrocyte Plasma % P* Incorporated 1 sample 
Vol Vol Vol 


(ml) (ml) (ml) Expt. No. 1 Expt. No. 2 








20 1.25 75 7.61 2.16 
22.30 14.68 
23.33 18.92 
11.26 6.13 
21.22 14.95 
50.90 32.88 
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/estergaard-Bogind (7,8) has suggested that phosphate transport occurs by a 
yrocess of simple diffusion or by an equilibrating carrier mechanism. Despite the 
mpressive number of publications on phosphate transfer and metabolism in 
vhich P*? was employed, there is a remarkable paucity of reports, save for the 
me by Feinstein et al (9), describing the various environmental parameters for 
naximal P*? uptake in the red cell. 

The observations that one can increase the incorporation of a standard dose 
ff P82 into the red cell by (a) increasing the beaker size while keeping the 
jlood volume constant, or (b) decreasing the blood volume, while keeping 
he beaker size constant, suggest that a surface phenomenon is involved. It can 
»e readily demonstrated that these changes increase the surface area of the 
iquid cylinder. This increase may permit greater interaction between the cells 
and the ions of the incubating medium. We believe the shaking rate experiments 
support this interpretation. 


TABLE IX 


EFFECT OF CHANGING CENTRIFUGE SPEED Upon P® UPTAKE BY HUMAN 
ERYTHROCYTES 








0.85% 
Beaker Erythrocyte NaCl Plasma 
Vol Vol Vol Vol 
(ml) (ml) (ml) (ml) 


% P® Incorporated 1 sample 





Expt. No. 1 Expt. No. 2 





100 : — 8.75 270 8.96 
— ‘ 16.49 

8.75 7700 7.23 

14.68 


8.92 
15.86 
7.30 
14.32 





TABLE X 


EFFECT OF ADDITION OF ALBUMIN, PHOSPHATE AND PLASMA Upon P*® UPTAKE 
BY HUMAN ERYTHROCYTES 








0.85% 
Erythrocyte NaCl 
Vol Vol 


% P* Uptake 1 sample 


Additive 





(ml) (ml) 


Expt. No. 1 


Expt. No.2 





(a) 1.25 
(b) 


none 

1.25 plasma 
7% albumin 
7% albumin 

+ 4mg % PO, 
4mg % PO, 
8.75 ml plasma 


16.67 


13.06 
10.00 


13.92 (a) 
13.47 (b) 
12.25 
10.00 


8.20 
7.43 
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Increasing the shaking rate would increase the exposure between eryth- 
rocyte surface and incubating medium ions. This hypothesis of an increased sur- 
face interaction between red cells and the extracellular medium to account for 
the increased P** uptake is supported by the observation of Prankerd (11) that 
P*? uptake can occur at the surface of the red cell. Prankerd (12) also reports that 
the P** uptake is slower at the stromal site than for the hemolysate, indicating 
that P** uptake is rate limiting at the surface of the red cell. It should be noted 
that the optimal ratio of blood volume to beaker volume appears to be approxi- 
mately 1:10. 

In our experiments red cells incubated in 20 ml beakers containing saline 
medium incorporated up to four times more P*? than cells incubated in a plasma 
medium. This finding of greater uptake of P** in saline medium than in plasma 
is contrary to the findings of Feinstein et al (9) who reported no differences in 
P%? uptake between these two media. We cannot account for this discrepancy. 

Addition of albumin and/or inorganic phosphate to the saline medium de- 
pressed the P** uptake by the red cells. Phosphate depressed the P*? uptake 
more than albumin did. The experiments clearly demonstrated that as the phos- 
phate level increased, the P** uptake decreased. These findings are in agreement 
with a report by Vestergaard-Bogind (8), but at variance with Hahn and 
Hevesy (3) who found that the P** uptake in rabbit red cells is not affected 
when the plasma phosphate level is increased eightfold. Our results can be 
explained by examining the relative amount of P*°0, and P*10, present. Thus, 
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P*? ADDED, UC. 








1.0 10.0 100.0 
TOTAL C.P.M.(x10*) 


Fig. 1. P® uptake in human RBC as a function of amount of P* added to incubation medium. 
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a P#*0,—free saline medium the P**0, penetrates the red cells until a steady 
ate occurs with respect to the amount of P** entering and leaving the cell. 
owever, when both P*10, and P**0, are incubated with red cells in a saline 
edium, competition for the transport or diffusion mechanism between the two 
otopes occurs. Thus, with a constant concentration of P*°0,, it can be seen 
at the rate of P®°0, uptake will be inversely related to the concentration of 
10, present until the maximum rate of uptake occurs; increasing the P*!0, 
the saline medium, decreases the P**0, uptake, since the competitive effect 
' P10, predominates with increasing concentration of this stable isotope. Actu- 
ly, the corollary of this experiment was performed when different amounts 
* P320, were added to a constant blood volume (a constant plasma P*!0, con- 
ntration). The P®? uptake was directly proportional to the amount of P*? 
«dded. This hypothesis could be tested by changing the concentration of P10, 
cad P8?0,, absolutely and relatively and determine P**0, uptake by the red cells. 


SUMMARY 


1. For optimal P*? uptake, the ratio of blood to beaker volume is critical, and 
should be about 1:10. 


2. Increasing the shaking rate of a blood sample incubated in a nonoptimal 
beaker size, increases the P*? uptake. 
TABLE XI 


EFFECT OF CHANGING CONCENTRATION OF PHOSPHATE Upon P® UPTAKE BY 


HuMAN ERYTHROCYTES 








0.85% 
Beaker Erythrocyte NaCl Plasma Vol of PO* added % P* Incorporated 1 sample 
Vol Vol Vol Vol (ml of 0.8 mg %) 
(ml) (ml) (ml) (ml) Expt. No. 1 Expt. No.2 Expt. No. 3 








100 ‘25 8.75 14.77 16.44 
12.48 

— 12.61 

9.73 10.90 

7.30 

7.39 

5.23 

2.93 


mn 


nN — 


te 
errs © | 


ae eoqooqoo a = 


—_ 
nN 


(ml of 0.15 
mg %) 
1.0 
1.20 
1.55 
3.30 
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Incubation of erythrocytes in a saline medium containing P** produces a 
significant increase in P** uptake when compared to the uptake in a plasma 
medium. 

As the concentration of inorganic phosphate is increased in a saline medium 
containing erythrocytes, the P** uptake by the cells is decreased. 

No appreciable differences in P** uptake were noted when the following 
experiments were performed: (1) Anaerobic vs. aerobic incubation; (2) 
Heparin levels (0.05 mg/ml blood to 1.00 mg/ml blood); (3) Paraffin-coated 
beaker vs. glass beaker; (4) Subjecting red cells to centrifugational speeds of 
270 xg and 7,710 xg prior to incubation with P*. 
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interstitial Irradiation Therapy With a Solution of Au as 
Part of Combination Therapy For Prostatic Carcinoma’™” 


R. H. Flocks, M.D.* 


Iowa City 


Prostatic carcinoma can be divided into four stages, as it is seen clinically. 
Stage O is a lesion which is completely limited to the prostate and is a relatively 
small lesion. Stage I is a lesion which invades the capsule and partially invades 
the areola tissue around the prostate itself and around the base of the seminal 
vesicles, with no evidence of lymph node or vascular metastasis. Stage II is a 
lesion which is larger than this with extensive invasion around the bladder neck 
and the base of the seminal vesicles, but again no evidence of distant metastasis. 
Stage III is a lesion which does have a vascular metastasis and lymph node 
metastasis. This clinical staging, it is to be emphasized, is subject to much cor- 
rection in that recent studies indicate that approximately 5 per cent of Stage O 
lesions have either vascular or lymphatic lesions; that 45 per cent of Stage I 
and II lesions have lymphatic metastases and that 10 per cent of Stage I and II 
lesions have vascular metastases. 

A clinical classification which has been found useful upon the basis of the 
study of approximately 4,000 patients with prostatic cancer is shown in Fig. 1. 
This emphasizes that Stage O, I and II groupings make up approximately 30 to 
40 per cent of all patients who are seen clinically, although Stage O makes up 5 
or less per cent of those who are seen clinically. Although those who fall into 
Stage O lend themselves very well to radical prostatectomy by either the perineal 
or retropubic approach, there are occasions when such radical surgery is not in- 
dicated and where less radical removal would be acceptable to the individual 
patient. Radical surgery, as usually carried out, is not successful in patients who 
have extension beyond the prostate itself; in other words, patients in Stage I and 
II in the above described classification. This is probably due to the fact that the 
line of dissection crosses local spread of cancer. 


*The invaluable help in all this work of Dr. Howard Latourette of the Department of 
Radiology and Dr. Titus Evans of the Department of Radiation Research is gratefully 
acknowledged. 

*This study was made possible in part by support from the Krannert Foundation. 

*Department of Urology, State University of Iowa, Iowa City, Iowa. 
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During the past ten years we have had occasion to utilize interstitial irra- 
diation as an adjunct to surgical destruction of the prostate in Stage I and II 
lesions and compare this with simple surgical removal of the lesion without the 
utilization of interstitial irradiation with Au'®® as adjunctive therapy. Our studies 
showed that such therapy is of no value in the treatment of disseminated lesions 
but is extremely useful in the treatment of the local lesion. It gives promise of 
results in about 50 per cent of Stage I and II lesions which are as good as those 
obtainable in Stage O lesions. 

The details of the technic of administration of the interstitial irradiation have 
been previously described (1,2,3,4.). The methods for radiation protection de- 
scribed and standardized by Dr. Elkins, have worked satisfactorily in 976 pa- 
tients and over 1,000 administrations of the material. The principles underlying 
the administration of the material are as follows: A total dosage of 100 millicuries 
or less is utilized to prevent local damage to adjacent tissues. A small volume, less 
than 2 cc, is necessary, otherwise local spread along fascial planes will lead to 
damage to the rectum or ureter. As the injection is carried out, one monitors the 
area by means of a small probe which can be sterilized or by the utilization of 
hypaque as the diluting material and following the distribution by x-ray films. 
The material may be injected either retropubically, transrectally, transperineally, 
or through an open perineal incision. Multiple sites of injection and repeated 
instillations at two-month intervals are useful to destroy residual tumor, Figs. 
2-9 inclusive. 

Limiting our study to the 2,864 patients with prostatic carcinoma studied 
prior to 1959 in order to obtain a five-year follow-up, the following results are of 
significance. In 57 patients who had a small, so-called “operable” lesion (Stage 
O), who were followed five years or more, no local recurrences were noted and 
apparent successful ablation of the tumor was present in 51, or 89 per cent, by 
radical perineal or retropubic surgery. On the other hand, in 13 patients with 
definite Stage II lesions, surgical removal alone, resulted in only one successful 
incident. On the contrary, in 44 patients with Stage II lesions who received a 
combination of surgery and interstitial irradiation with radioactive gold as an 
adjuvant, 26 apparent cures resulted. Of the 18 who had residual cancer, only 
two had this in the locally treated area, Table I (4). In general, addition of irra- 


A. Local lesion limited to prostate, incidence, 5 to 20% 
No node or marrow dissemination 90% of A 
Positive nodes—no marrow 8% of A 
Negative nodes—positive marrow 2% of A 
Positive nodes and positive marrow ?% of A 


B. Local lesion, extraprostatic invasion present, incidence, 80 to 95% 
No node or marrow dissemination 20% of B 
Positive nodes—no marrow 20% of B 
Negative nodes—positive marrow 2% of B 
4. Positive nodes and marrow 50% of B 


Fig. 1. Suggested clinical classification as the result of lymph node and bone marrow findings. 
Incidence is a rough estimate. This is useful in estimating prognosis clinically. 





COMBINATION THERAPY FOR PROSTATIC CARCINOMA 


SURGICAL 
REMOVAL 
PERINEAL 


RETROPUBIC 
APPROACH 


Fig. 2. There are five technics utilizing surgery, surgical cauterization with the high fre- 
quency current and interstitial irradiation that have been utilized in this series for 
destruction of the local lesion. These are illustrated diagrammatically as follows 


A. Classical prostato-seminal-vesiculectomy through either the perineal or retropubic 
approach—good for very small lesions. 


sm =SURGICAL 


REMOVAL 
Au 198 


Fig. 2. B. Classical prostato-seminal-vesiculectomy through the perineal or retropubic ap 


proach—Stage I or II lesion. Adjunctive use of Au’® decreased the incidence of local 
recurrence significantly. 
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PERINEAL SUBTOTAL 
“== PROSTATECTOMY 


Ed CAUTERY 
EZ] Au 198 


Fig. 2. C. Subtotal prostatectomy through perineal approach with adjunctive cautery and 
Au'*—very useful in Stage II lesions with fixed seminal vesicles. 


fy CAUTERY 
through perineal approach 


E=] Au 198 


Fig. 2. D. Cauterization and adjunctive Au™ in very fixed Stage II lesions—through perineal 
approach. 
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Fig. 2. E. In small but fixed lesions, Au’ alone utilizing either the transperineal or trans- 
rectal approach with repeat injections and radiographic control of distribution. 


Fig. 3. Monitoring perineal injection by x-ray film of radiopaque material used as a diluent. 
Note good distribution except about nodule at base of prostate on left side. Such an 
area can be cauterized with high frequency current and remaining tumor can be 
destroyed by the combined effect of the Au’® emissions or more Au‘ solution can be 
injected directly in the uninfiltrated area. 
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diation therapy, altered the local lesion markedly and altered the life history of 
the lesions in the individual patient favorably. This is seen in Fig. 10, where 
445 patients who had such combination therapy and had a five or more year 
follow-up are charted. During the past six years, since the above charts were 
compiled, 244 patients have been treated. Increasingly improved results have 
been obtained by the utilization of combination therapy. Complications from 
such radiation treatment were few and consisted essentially of delayed wound 
healing and occasional perineal fistula which might take many months to heal, 
and one case of ureteral fistula which required repair. The incidence of rectal 
damage was under 0.2 per cent in the last 500 patients who underwent such 
therapy, Table II. 


Fig. 4. Scan of prostatic area 11 days after injection of Au’. Note that remaining material 
in local area is high. 
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DISTRIBUTION OF RADIOGOLD IN 3 CASES 
A. After one day 


B. After five days 


Fig. 5. Scanning studies in three patients illustrative of significant remaining irradiation in 
prostatic area. Black spots are the hottest areas. (Courtesy of Dr. T, Evans.) 





50 minute 
exposure 8s 
sandwich between 
both halves. 


X-ray no screen 





Fig. 6. Radioautograph of prostate removed after injection of 2 cc of Au’ solution contain- 
ing 6 millicuries of Au’. Note character of distribution—about 90 per cent of the 
activity was in the injected area. (Courtesy of Dr. T. Evans.) 


Fig. 7. Perineal exposure of prostatic cancer which is being infiltrated with Au’ solution. 
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198 


Fig. 8. Illustrative of transrectal infiltration of prostatic cancer with Au 


is placed in the exaggerated lithotomy position and the anus dilated. Retractors in the 


rectum and the Lowsley tractor in the urethra bring the prostate into the field. 
Needles are appropriately placed to afford best injection of Au 


solution. Patient 


98 solution. 
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Radical removal of pelvic lymph nodes was carried out in. 44 patients with 
pelvic lymph node metastasis and no evidence of lymph node involvement above 
the bifurcation of the aorta. A ten-year follow-up in this group revealed eight 
patients still alive and apparently well, by a combination of radical surgery and 
infiltration of the entire area with Au!®* as an adjuvant. The significance of these 
results needs further study. 


Fig. 9. Cystourethrogram of patient whose prostatic cancer had been treated by combina- 
tion of cautery and injection with 85 millicuries of Au’. Note almost complete 
prostatectomy. Patient is well after two years. Completely continent. 
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The recent report of George, Carlton, Dykhuizen and Dillon (5) would 
eem to indicate that external irradiation of high energy, properly applied, is 
seful either alone or as an adjuvant in these patients. Our results were not as 
ptimistic, Figs. 11, 12, 13. Our preliminary studies show that interstitial 
radiation is more flexible and properly combined with surgery will probably 
ive better results for the ablation of the local lesion. Judgment in the utilization 
f these modalities which are not mutually exclusive is necessary. 


5-YEAR MORTALITY AT VARIOUS STAGES of PROSTATIC CANCER 
PATIENTS AT TIME of ORIGINAL DIAGNOSIS 
Various Treatments: 
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Note the increased survival with the utilization of combination therapy including 
instillation of Au’ solution. Increased survival was not present when metastasis 
were already present. A total of 850 patients in Stage I, 1,133 in Stage II and 442 
in Stage III, followed for five years or more, are seen in chart. 445 of these patients 
received therapy with Au’ all during the period 1951 to 1957 inclusive. 





2 Ra? Ae oo AVA ee. 
Fig. 11. The effe 


ct of cobalt therapy. 72-year-old white male with prostatic cancer. A ap- 
pearance before therapy. B. appearance after 4,508 r Co,, therapy. No residual 


me € 


carcinoma seen. 
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Fig. 12. B—is microscopic appearance after therapy—radical perineal prostatectomy in 
February, 1964. Note residual areas of cancer with much fibrosis interstitially. Only 
partial effect from therapy. 





Fig. 13. The effect of cobalt therapy. 59-year-old white male given 4,499 r Co,, in December, 
1963. Developed rectourethral fistula for which colostomy was done December 20, 


1963. By March, 1964, local lesion had grown markedly and bulged in perineum. 
No effect from therapy. 
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In conclusion, in a total series of 976 patients with prostatic cancer, combina- 
tions of surgery plus interstitial instillation of Au'®* for destruction of the local 
lesion of prostatic cancer showed the following: 


1. The methods for protection of personnel, et cetera, worked out by Dr. 
Elkins are satisfactory. 


2. The complications—anemia, leucopenia, damage to the adjacent organs, 
delayed wound healing, are very minimal when the principles underlying 
the technics of administration are adhered to. 

Significant improvement in the results of attempts to destroy the local 
lesions are obtained. This is in the order of magnitude of 55 per cent 
“cure” as compared to 8 per cent “cure”. 
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Announcement 


The Section of Therapeutic Radiology and the Section of Radiobiol- 
ogy, Department of Radiology, University of California School of 
Medicine, San Francisco, are now offering a four-year training pro- 
gram in radiation therapy under the auspices of the National Cancer 
Institute of the National Institutes of Health. Clinical and Lasic 
training will be well integrated. The program is conducted jointly 
by Dr. Franz Buschke and by Dr. Harvey Patt. 


Those interested should write directly to the Training Director, Dr. 
Franz Buschke, Department of Radiology, University of California 
Medical Center, San Francisco, California 94122. 
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Polaroid Photoscanning’ 


R. W. Kyle, A.B. and G. S. Johnston, M.D. 
Washington, D.C. 


The introduction of Polaroid film in Radiology has been a significant step 
forward in diagnostic radiography. The advantages and disadvantages of Polaroid 
film in radiography have been discussed elsewhere (1). This study was under- 
taken to determine the feasibility of using Polaroid film in photoscanning. 


METHOD 


Each of approximately 200 selected patients with suspected thyroid disease 
was given 25 ye of sodium iodide-131. Twenty-four hours later, each was scanned 
using a Picker Nuclear Magnascanner with a special adapter to hold the Polaroid 
Casette. Polaroid Radiographic Packets No. 1001, daylight loading, were used in 
the place of x-ray film which is commonly employed for photoscanning. The 
completed scans were developed with the aid of a Polaroid Rapid Film Processor 
and required a processing time of sixty seconds. 


RESULTS 


Figure 1 shows the scan of a thyroid. The normal sized gland contains a 
regular distribution of isotope. By comparison, Figure 2 pictures a scan of the 
enlarged thyroid in a patient with Graves’ disease. Figure 3 demonstrates the ap- 
pearance of a series of multinodular goiters in euthyroid patients. The isotope 
distribution is irregular and areas of increased concentration as well as areas of 
no isotope concentration are outlined. 


DISCUSSION 


Polaroid photoscanning with Polaroid Rapid Film Processor developing per- 
mits the physician without dark room facilities to perform photoscanning. In ad- 
dition, there is an advantage in the speed with which the photoscan can be made 
available for interpretation. 

The most notable disadvantage of the Polaroid film is the 10” x 12” size of 
the film currently available. Photoscans of only smaller organs and areas can be 
obtained with it. Nevertheless, it is usually possible to place four thyroid scans on 
one sheet of film. We have used it for large organ scanning with some success, 
however, the entire organ did not fit on film in some instances. 

The technique of using Polaroid film in scanning is simple, but it requires 
attention while the casette is being loaded. The Polaroid Packet consists of a 
negative, processing chemicals and paper for the final print. If care is not exer- 
cised, the pods containing the processing chemicals may be inadvertently broken 


1Material for this study was furnished by the Polaroid Corporation, Cambridge, Mas- 
sachusetts. 
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Fig. 1. Polaroid photoscan of a normal thyroid gland in a 40-year-old man. 





Fig. 8. Polaroid photoscan of an enlarged thyroid in a 23-year-old woman with Graves’ 
Disease. 
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Fig. 3. Polaroid photoscan of multinodular goiters in three euthyroid patients. 





releasing the chemicals prior to the scanning procedure resulting in streaking of 
the finished copy. 

The finished copy is the reverse of the usual Radiographic film scan in that 
it is white on black as compared to black on white. As experience is gained with 
this process, the interpretation of the finished film is no more difficult than with 
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dinary radiographic film. The developed film is translucent and the scan can 
enhanced through the use of an x-ray viewing box. 


SUMMARY 


Approximately 200 thyroid photoscans were performed in this clinic utiliz- 
g Polaroid film. These scans have demonstrated the usefulness of this film in 
,otoscanning. Dark room facilities were not required and the photoscan was 
ailable for interpretation 60 seconds after the scan was completed. With the 
idition of an enlarged radiographic packet, Polaroid film could be used instead 
regular radiographic film for scanning all organs. However, the currently 
vailable film is adequate for most photoscanning. 
Through this Polaroid scanning method, photoscanning could be made more 
aiversally available as a diagnostic technique. 
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Announcement 


The Section of Therapeutic Radiology and the Section of Radiobiol- 
ogy, Department of Radiology, University of California School of 
Medicine, San Francisco, are now offering a four-year training pro- 
gram in radiation therapy under the auspices of the National Cancer 
Institute of the National Institutes of Health. Clinical and basic 
training will be well integrated. The program is conducted jointly 
by Dr. Franz Buschke and by Dr. Harvey Patt. 


Those interested should write directly to the Training Director, Dr. 
Franz Buschke, Department of Radiology, University of California 
Medical Center, San Francisco, California 94122. 
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Visualization of a Hyperfunctioning Parathyroid 
Adenoma Using Se” Selenomethionine 
and the Photoscanner'’ 


Thomas P. Haynie, M.D., William K. Otte, B.S. 
and James C. Wright, M.D. 


Galveston, Texas 


The detection and localization of hyperfunctioning parathyroid adenomas 
has been the subject of investigation in nuclear medicine during the past several 
years. Sisson and Beierwaltes (1) demonstrated that Co’ B,. concentrated in 
the dog parathyroid gland and Potchen (2,3) found concentration of tritiated 
methionine in rat parathyroid. Both of these studies employed thyroid adminis- 
tration to suppress uptake of radioactivity in the thyroid gland. Potchen also 
used a hi protein lo calcium diet to stimulate uptake of activity in parathyroid 
tissue. DiGiulio, Sisson and Beierwaltes (4,5) have reported preliminary clinical 
results using both Co** B!* and Se* Methionine. With tissue counting techniques, 
they found 2—3 fold concentration of radioactivity in parathyroid tissue over that 
found in thyroid, muscle or blood and were successful in locating an adenoma 
pre-operatively in one of three patients studied. We have encountered a patient 
with a hyperfunctioning parathyroid adenoma in whom the scan with Se™ 
selenomethionine was positive. We are presenting this case because the tech- 
nique in this patient differed slightly from that reported by others and because 
of the strikingly positive results. 


CASE REPORT 


O.B., Uh. No. 23097P—A 50 year old white female was admitted to the John 
Sealy Hospital with a complaint of weight loss, anorexia, nausea and vomiting 
of two months duration. On physical examination the patient appeared acutely 
and chronically ill with a thin sallow complexion. A 3 cm firm nodule could be 
vaguely outlined near the left lower lobe of the thyroid gland. Significant labor- 
atory data included serum calcium 15.3 mg per cent, phosphorus 3.4 mg _ per 
cent and alkaline phosphatase 2.9 Sigma units. 


*From the Department of Internal Medicine and the Nuclear Medicine Service, The Uni- 
versity of Texas Medical Branch, Galveston, Texas. 
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Because of the patient’s condition, it was decided to attempt a parathyroid 
;can immediately rather than attempt preparation with special diets or other 
srocedures. The patient was given 200 pc of Se” selenomethionine! and a scan 
if the neck performed two hours thereafter employing a photoscanner? with a 
” D X 2” Na I crystal and a 19 hole collimator with the spectrometer set from 
230—300 kev. The maximum count rate over the left lower neck was found to be 





‘Sethotope, E. R. Squibb & Sons, New Brunswick, New Jersey 
*Picker Magnascanner, Picker X-ray Corporation, White Plains, New York 


RIGHT LEFT 





Fig. 1A. Scan of the neck and upper mediastinum in Patient O. B. performed two hours fol- 
lowing intravenous injection of 200 pe of Se® Selenomethionine. The concentration 
of radioactivity within the parathyroid adenoma is apparent in the left lower neck. 
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600—700 cts/min. Background count was 200—300 cpm. A photoscan was per. 
formed with a speed of 16 cm/min, % time constant, at a spacing of 0.4 cm be- 
tween passes of the probe. The scan revealed marked increase in concentratior 
in the area of the questionable nodule in the left lower neck (Fig. 1A). As thyroic 
tissue had also been reported to concentrate radioactive methionine, a tracer dos: 
of 100 pe of I'*! was given and a thyroid scan was performed revealing a norma 
gland with no concentration in the area which had previously showed good con 
centration of Se™ (Fig. 1B). After these studies, the patient’s condition worsened 
A serum calcium was repeated and found to be 17.8 mg per cent. The patien 
was taken to the operating suite on April 1, 1964. At the time of induction o 
anesthesia, a second 200 uc dose of Se* selenomethionine was given. An explora 


Fig. 1B. Thyroid scan in the same patient performed 24 hours after a 100 pe tracer dose of 
I™ showing a normal thyroid silhouette with no evidence of concentration of I 
in the area previously showing good concentration of Se” (Circle). 
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ion of the neck! revealed a 3 X 2 cm parathyroid adenoma in the left lower neck 
1 the area indicated by the palpatory findings and the scan. Following the re- 
10val of the adenoma, the patient gradually improved and was essentially well 
in follow-up visit three months later. 

Pathological examination revealed a benign well-encapsulated tumor weigh- 
ag 5.5 gms. Microscopically, the adenoma was composed of normal-sized to 
lightly enlarged uniform chief cells. Specimens of thyroid gland and muscle were 
vithin normal limits. Specimens of tissue from the adenoma, the thyroid, muscle 
nd blood removed at the time of operation were counted in a well counter ten 
veeks after removal (to permit decay of I'*!) and the concentration of Se* se- 
enomethionine in these tissues on the day of operation was calculated in puc/mg. 
‘Table I). There was a fivefold increase in concentration of radioactivity in para- 
thyroid over thyroid, three fold increase over muscle and sixfold increase over 
blood. This was six days after the first and two hours after the second injection 
of 200 we of Se™® selenomethionine. The total amount of radioactivity within the 
adenoma at the time of removal was calculated to be .34 pc. 


DISCUSSION 


This case demonstrates that sufficient concentration of Se* selenomethionine 
may be achieved in a parathyroid adenoma to permit localization of the tumor 
through the use of the photoscanner. In addition, this was done without prepara- 
tion of the patient with special diets or drugs. It does not prove that the test will 
detect all or even many of the parathyroid adenomas encountered in clinical 
practice or that special dietary or drug manipulation might not be helpful. More 
research into the problem will be necessary before conclusion regarding these 
details of technique will be warranted. Our experience to date has demonstrated 
no problem with thyroid concentration of this material. 

Because of the relative rarity of parathyroid adenomas, it may be some time 
before sufficient clinical experience can be accumulated to indicate a definitive 
place for this procedure in clinical practice. This might suggest the need for a 
cooperative study to more rapidly collect data. In any case the technique as 
illustrated by this case report shows promise of lending valuable information in 
a very difficult area of diagnosis and deserves further application. 


TABLE I 


CONCENTRATION OF SE SELENOMETHIONINE IN TISSUES 


Parathyroid/Tissue 
Sample ppc/mg Ratio 


Parathyroid A 61.8 
Parathyroid B 65.3 
Thyroid 13.4 
Muscle 18.3 
Blood 10.2 


*Performed by Dr. Fred J. Wolma 
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ADDENDUM 


Since the submission of this report for publication, we have had the oppor 
tunity of scanning two additional patients in whom parathyroid adenomas we: 
subsequently found at operation. In one of these patients localization of a sma 
tumor was possible on a scan four hours after injection of 200 pe of Se 75 selen: 
methionine. However, a larger tumor in the same patient was missed. In th 
other patient a scan performed two hours after a 100 second pc dose of materi 
was negative. 
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The Donner Laboratory, University of California, announces 
an opportunity for advanced study and research in radiology. Ac- 
tivities include investigation of the biological effects of high-energy 
particles and participation in clinical radiological projects utilizing 
high-energy particles. 

Courses in the graduate program in biophysics and medical 
physics may be taken concurrently. 

Applicants must have completed residency in radiology or 
comparable training. Stipend will depend on qualifications and 
experience. 

Application forms are available from: 


Joun H. Lawrence, M. D., Director 
DONNER LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY 4, CALIFORNIA 
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Southeastern Chapter 
SOCIETY OF NUCLEAR MEDICINE 


TURSDAY, OCTOBER 22 


SYMPOSIUM 


ULTRASONIC AND RADIOISOTOPE SCANNING 


A symposium presented by the Southeastern Section of the Society of Nu- 
ear Medicine at their Fifth Annual Chapter Meeting. 
academcy of Medicine, Atlanta, Georgia 


MORNING SESSION 


9:00 A.M. Welcome by Chapter President, James C. Coperzy, Atlanta, Georgia 
Introductory Remarks by Symposium Coordinator—JoHn R. Mc- 
Laren, Atlanta, Georgia 
Ultrasonical Physics—Rosert H. Ronrer, Atlanta, Georgia 
Generation and Reception of Ultrasound for Medical Purposes— 
WiiuiaM B. Miter, Atlanta, Georgia 


METHODS FOR LOCALIZING INFORMATION 


Radioisotopes—Henry N. WAGNER, JR., Baltimore, Maryland 
Ultrasonics—Dovuc as H. Howry, Boston, Massachusetts 


INTERMISSION 
PROCESSING OF INFORMATION 


Radioisotopes—Collimation and Spectrometry—C. Craic Harris, 
Oak Ridge, Tennessee 
Ultrasonics—Elimination of “Noise” Extraneous Echoes, etc.— 
Dovc ass H. Howry 


RECORDING OF INFORMATION FOR CLINICAL USE 


Radioisotopes—MeEnrriLt A. BENDER, Buffalo, New York 
Ultrasonics—Dovuc ass H. Howry. 
Movie—Medical Uses of Ultrasonics 


QUESTION AND ANSWER SESSION 
AFTERNOON SESSION 
CLINICAL APPLICATIONS 


Moderator—Jack K. Goopricn, Jackson, Mississippi 


1:30 P.M. Applications of Ultrasonics in Physical Medicine—Ricuarp T. 
Atkins, Atlanta, Georgia 
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Diagnosing Brain Lesions with Ultrasonics and Radioisotopes— 
ALBERT J. Gitson, Miami, Florida 

Radioisotope Scanning of the Cardio-respiratory System—Jame 
Dosss, Miami, Florida 

Liver and Pancreas Scanning with Radioisotopes—MeErriLtt A 
BENDER 


BREAK 


Sonography of Abdominal Organs and Heart—Dovc ass H 
The Radioisotope Renal Scan—JosepH L. Izenstarx, Atlant 
Georgia 

Techniques and Results of Splenic Scanning with Radioisotopes— 
Henry N. WaAcNER, Jr. 

Gynocological Application of Radioisotopes—ALBert J. GiLson 


QUESTION AND ANSWER SESSION 


FRIDAY, OCTOBER 23, SCIENTIFIC PROGRAM 
8:00 A.M.—Registration 
9:00 A.M.—President Coberly’s Address 


9:10 AM. IS THE VENOUS HEMATOCRIT PROPORTIONAL TO THE 
TOTAL CIRCULATION HEMATOCRIT? 
Oscar Kanner and Epcar A. Hines (V. A. Hospital, Oteen, 


North Carolina ) 


CARDIOVASCULAR EFFECTS FOLLOWING GAMMA IR- 
RADIATION OF THE HEART 
Vernon S. BisHor and H. L. Stone (Texas A & M University 
College Station, Texas 


VENTRICULAR FUNCTION IN CONSCIOUS ANIMALS FOL- 
LOWING HEART IRRADIATION 
H. L. Stone, Vernon S. Bishop and ArtHur C. Guyton (Uni- 
versity Mississippi Medical Center, Jackson, Mississippi) 


10:10 A.M. Discussion of Scientific Papers 


10:15 A.M. Coffee Break—Visit exhibits 


10:35 A.M. Invited Paper—RADIOACTIVE PHARMACEUTICALS 
H. N. Wacner, Jr. (The Johns Hopkins Hospital, Baltimore, 
Maryland ) 


11:00 A.M. Business Meeting 
11:30 A.M. Lunch 





SOUTHEASTERN CHAPTER—PROGRAM 717 


Panel—WHAT IS THE IMPORTANCE OF DOSIMETRY OF 
INTERNALLY ADMINISTERED EMITTERS? 
Moderator: Ropert RonrER—Emory University 
Panelists: Karl Z. Morgan, Director, Health Physics Division, 
ORNL, Henry N. Wagner, Jr. and C. Craig Harris 


PITFALLS IN BRAIN SCANNING 
W. Lamar Harre.., JoserH L. Izenstark and H. S. WEENs 
(Grady Memorial Hospital & Emory University School of 
Medicine, Atlanta, Georgia ) 


ANALYSIS OF MERCURY BRAIN SCAN PATTERNS 
C. H. Smiru, J. Bryski and Josepu L. Izenstark (Grady Me- 
morial Hospital & Emory University School of Medicine, At- 
lanta, Georgia ) 
BRAIN SCANNING IN NON-NEOPLASTIC INTRACRANIAL 
LESIONS 
ALBERT J. Gitson (University of Miami School of Medicine 
Jackson Memorial Hospital, Miami, Florida ) 


Invited Paper—COMPARISON OF HG 197 and HG 203 CHLOR- 
MERODRIN IN CLINICAL BRAIN SCANNING 
M. C. Overton, W. K. Orre, L. B. BEENTjEs and T. P. Haynie 
(University of Texas Medical Center, Galveston, Texas ) 


Discussion 
Coffee Break 


Invited Paper—THE DIGITAL AUTOFLUOROSCOPE 
M. BENDER and Monte Biavu (Roswell Park Memorial Hos- 
pital, Buffalo, New York) 


Invited Paper—I* H.S.A. STUDIES OF RHEUMATOID KNEES 
WiituiaM Maxrietp, THomas E. Weiss, Paut Murison and 
Joun Hma.co. 

Exhibit also presented (Ochsner Foundation Hospital, New Or- 

leans, Louisiana ) 


A COLLIMATOR FOR SCANNING WITH LOW-ENERGY 
PHOTONS 
C. C. Harris, J. C. Jorpan, M. M. SatrerFiELp, Jack K. Goop- 
ricH (Oak Ridge National Laboratory & University of Missis- 
sippi Medical Center ) 


CLINICAL APPLICATIONS OF LOW ENERGY-HIGH TRANS- 
MISSION COLLIMATOR. 
Jack K. Goopricn, H. L. Stone, Resecca W. Hint and C. C. 
Harris (University of Mississippi Medical Center and Oak 
Ridge National Laboratory ) 


Discussion and Dismiss 
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SATURDAY, OCTOBER 24 


SESSION A 


9:00 A METHOD FOR COMPAR- 


ING COLLIMATOR SYSTEMS 
APPLIED TO EXTERNAL 
COUNTING OF CHROMIUM- 
51 IN THE SPLEEN 

Bit NEtson, V. PosHAYACHINDA 
and M. WASANASOMSITHI 
(ORINS Medical Division 

Oak Ridge, Tennessee ) 


A NEW COUNTER FOR 
LARGE RADIOACTIVE SAM- 
PLES 

WituiaM D. Gisss & 

C. C, LusHBpaucH 

(ORINS Medical Division 

Oak Ridge, Tennessee ) 


SCANNING OF BONE MAR- 
ROW IN ANIMALS 


Granvit C. Kyker and JoHN 
RAFTER 

(ORINS Medical Division 

Oak Ridge, Tennessee ) 


CLINICAL USEFULNESS OF 
IODINE-130 IN SERIAL 
TRACER STUDIES IN PA- 
TIENTS WITH FUNCTION- 


ING THYROID CANCER 
PETER PFANNENSTIEL and B. W. 


Sirrerson (ORINS Medical Di- 
vision Oak Ridge, Tennessee ) 


Coffee Break—Visit exhibits 


SESSION B 


LOCALIZATION OF SULFUR 
35-LABELLED SULFANILIC 
ACIDS OF FLUORENE IN 
TUMORS 

Francis E, Ray anp Dirsuna C 
AGRAWAL 

(J. Hillis Miller Health Cente: 
Gainesville, Florida ) 


RADIATION EFFECTS ON 
TISSUE UPTAKE AND PRO. 
TEIN INCORPORATION OF 
C 14-UL-L-LEUCINE IN THE 
RAT 

Aaron P. SANDERS, GEORGE J. 
BayLin, P. J. CAVANAUGH, 
(Duke University Medical Cen- 
ter, Durham, North Carolina) 


STUDIES ON RETENTION & 
DISTRIBUTION OF DIAG- 
NOSTIC & THERAPEUTIC 
DOSES OF I'*! IN PATIENTS 
WITH THYROID CARCIN- 
OMA 

Fevrx PimcHerR AND THOMAS 
BUFFALO 

(Duke University Medical Cen- 
ter, Durham, North Carolina) 


THE USE OF SPATIAL INTE- 
GRATION IN LIVER PHOTO. 
SCANNING 
ArtHurR F, Dratz, James C. 
Cosery (V. A. Hospital, Atlan- 
ta, Georgia ) 


Panel—THE NEW ISOTOPE UNIT—PROBLEMS AND SOLUTIONS 
Moderator: Carl Nurnberger (Department of Radiology, Baptist Mem- 
orial Hospital, Memphis, Tennessee 
Panelists: Ernest Proctor (Newman, Georgia ) 
Alys Lipscomb (Memphis, Tennessee ) 
Doug Ross (ORNL, Oak Ridge, Tennessee ) 


11:45 Discussion—Dismiss 
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the Venous Hematocrit Proportional to the Total Circulation Hematocrit? 
Oscar KANNER AND Epcar A. Hines, Jr. (Laboratory and Radioisotope 
Services, Veterans Administration Hospital, Oteen, North Carolina). 


This investigation deals with the ratio of the total circulation hematocrit to the venous 
matocrit. Knowledge of this ratio is important for blood volume determinations with one 
sel only. The results support the following: 

1. The data regarding the hematocrit ratio found in previous literature do not permit 

a distinction between experimental error and individual variation. 

2. Improved methods and application of the calculus of errors show that real individual 
differences commonly exist. 

3. Rapid changes of the hematocrit ratio may occur in one and the same individual and 
can be induced by postural changes and by electro-shock. These changes are due to 
redistribution of the circulating blood between large and small vessels. 

. Theoretical considerations make it certain that if the hematocrit ratio is constant the 
plasmatocrit ratio must be variable, dependent on the hematocrit, and vice versa. None 
is privileged over the other and therefore it shouldn’t be assumed that either is con- 
stant. 

The experimental work on which the foregoing conclusions are based led to technical 
improvements and to a simplified method of blood volume determination with in- 
creased precision and accuracy. 


Cardiovascular Effects Following Gamma Irradiation of the Heart V. S. Bisnor 
AND H. L. Stone (Department of Physiology and Biophysics, University of 
Mississippi Medical Center, Jackson). 


Either the right or left ventricle in 9 closed chest dogs were exposed to 20,000 R of 
Co-60. Measurements of right and left atrial pressures, arterial pressure, pulse rate, body 
weight and blood volume were made before and after irradiation. The right and left atrial 
pressures rose progressively until death in 3 animals irradiated on the right side. In 6 animals 
irradiated on the left side, the left atrial pressure rose progressively, but the right atrial pres- 
sures either did not rise or rose only during the latter stage of heart failure. In both groups a 
declining arterial pressure and an increasing pulse rate were observed in the terminal stages. 
An increase in blood volume was observed particularly in the animals irradiated on the left 
side. The pathological report showed 70 per cent—100 per cent of the right ventricle muscle 
was damaged in dogs irradiated on the right side and 40 per cent—70 per cent of the left 
ventricle in dogs irradiated on the left side. 

In another group of dogs in which the right ventricle was exposed, cardiac output was 
determined by chronically implanted electromagnetic flow probes. The resting cardiac output 
was found to be relatively constant until 4 days before death when a rapid decline was ob- 
served. Thus, although the heart muscle was known to be damaged, the resting cardiac out- 
put remained almost normal. In another instance several animals were exercised before and 
following irradiation to the right ventricle. Right and left atrial pressures and cardiac output 
were measured continually during the exercise. Only a slight decline in the ability of the 
animals to exercise was observed until just prior to death. 


Ventricular Function in Conscious Animals Following Heart Irradiation H. L. 
Stone, V. S. Bishop, AND A. C. Guyton (Department of Physiology and 
Biophysics, University of Mississippi Medical Center, Jackson). 


The evaluation of the pumping ability of the heart can best be determined with ventricu- 
lar function curves. This means that if the atrial pressure was raised the cardiac output would 
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also increase. If this rise in cardiac output were plotted against increasing atrial pressure, a 
curve could be obtained having a definite plateau. This plateau represents the maximum pump- 
ing ability of the heart. Ventricular function curves were obtained in conscious mongrel dogs 
before and after 20,000 R Co-60 irradiation to the right heart. Arterial, right atrial, and left 
atrial pressures were recorded simultaneously as well as cardiac output and heart rate. Atrial 
pressures were elevated by infusion of Tyrode’s solution into the left jugular vein. Cardiac out- 
put was recorded utilizing a sine wave electromagnetic flow probe chronically implanted 
around either the root of the aorta or the pulmonary artery. 

Repeated ventricular function curves were obtained in the normal animals prior to irradi- 
ation. The average cardiac output at the plateau of the function curves was found to be 340 
cc/min/kg body weight (= 20 cc/min/kg standard error of the mean). The plateau level 
remained approximately normal for seven days post-irradiation. At this time a continuing re- 
duction in the plateau occurred, until the death of the animals approximately 27 days post 
irradiation. The plateau value was an average of 60 per cent of normal prior to death. The 
resting cardiac output remained normal until a few day prior to death, but the maximum 
ventricular function began to decline 7-12 days following irradiation indicating that the pump- 
ing ability of the heart was decreased even though the resting state was maintained. 
1Supported by grants-in-aid from A. E. C. and N. I. H. 


Radioactive Pharmaceuticals Henry N. Wacner, Jr. (Johns Hopkins Hospital, 
Baltimore ). 


Diagnostic radiopharmaceuticals are administered to provide information rather than to 
induce pharmacologic response. Therefore one cannot translate pharmacologic principles es- 
tablished for stable compounds directly to radioactive compounds. Radiation detection in- 
struments must be sensitive enough to yield statistically significant data with small doses of 
radiopharmaceuticals. Radionuclides with a rapid rate of physical decay are preferred, al- 
though, if a radioactive material is excreted rapidly and completely, the exposure to radiation 
may be low despite long physical half-life. It is important to use radioactive isotopes with no 
beta radiations, or with low energy beta radiations. Because scintillation detectors which ef- 
fectively measure only gamma radiation are most often used, beta radiation contributes to 
radiation dosage but provides no data. Special pharmaceutical problems associated with radio- 
pharmaceuticals are: (1) problems of carrier-free state, i.e., those arising because of the ex- 
tremely small chemical quantities; (2) problems of self-decomposition, produced by the effect 
of radiation on the compound itself or on its solvent; (3) problems resulting from isotope effect 
i.e., difference in reaction rates that sometimes result from differences in atomic weight of 
isotopes; and (4) problems resulting from chemical differences between labelled and naturally 
occurring compounds. 

New radiopharmaceuticals include the use of I’* for thyroid scanning, aggregated albumin 
for liver scanning, mercuri-hydroxypropane for spleen scanning, technetium 99m pertechnetate 
for brain scanning, strontium-87m and fluorine-18 for bone scanning, and macroaggregated al- 
bumin for lung scanning. The use of C-14 labelled compounds in human beings is increasing 
and radioactive gases, particularly xenon-133, are now in use in many institutions. 


Basic Considerations in Calculating Permissible Exposure Levels Karu Z. Mor- 
GAN, Oak Ridge National Laboratory, Oak Ridge, Tennessee. 


Calculation of the internal doses from internally administered radionuclides are based 
upon certain basic assumptions. Such parameters as Relative Biological Effectiveness, Rela- 
tive Damage Factor, Build-up, Effective Energy, Effective Half-Life and the standard man 
will be discussed. 


Radiation Dose Considerations in Clinical Practice Henry N. Wacner, Jr., The 
Johns Hopkins Hospital, Baltimore, Maryland. 
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When radionuclides are employed in clinical applications the optimal quantities of the 
loses administered may be affected by selective concentration of the radioactive material in 
certain tissues, the sensitivity of critical tissues to radiation damage, and the life time of the 
material in various locations in the body as well as the characteristics of the radiation instru- 
nents used in diagnostic scanning or other measurements. Those problems peculiar to clinical 
uses of radionuclides will be discussed. 


The Determination of Average “Beta Ray” Energies and Gamma-Ray Dose 
Parameters in Electron Capture Processes. C. C. Harris (Oak Ridge Na- 
tional Laboratory, Oak Ridge, Tennessee ). 


To accurately determine the radiation dose due to the radiations from those radionuclides 
which decay by electron capture and subsequent gamma-ray emission (isomeric decay) re- 
quires a strict accounting procedure taking into account x-ray transition probabilities, 
fluorescent yields, electron capture probabilities and other considerations. Some values of 
radiation dose parameters now in print appear to be in error; some are not established to a 
degree of certainty that is desirable. A direct approach to the determination of radiation dose 
constants will be presented. 


Pitfalls in Brain Scanning W. LaMar HarreELL, JosepH L. IzENsTARK, AND H. S. 
Weens (Department of Radiology, Grady Memorial Hospital and Emory 
University School of Medicine, Atlanta). 


In recent years brain scanning has caught the physician and lay public’s imagination. 
It offers a new screening method for the detection of cerebral and cerebellar lesions. Several 
reports have attested to the usefullness of the brain scan. Inasmuch as this procedure has found 
widespread application, it is important to be aware of the potential errors. This paper reviews 
our experience with selected cases and illustrates common and unusual errors in brain 
scanning. 


Analysis of Mercury Brain Scan Patterns C. H. Smiru, J. Brywski, AND J. L. 
IzeNsTARK (Departments of Radiology and Neurology, Grady Memorial 
Hospital and Emory University School of Medicine, Atlanta). 


Mercury brain scanning is frequently employed as a screening procedure for brain pa- 
thology. Retrospective and prospective review of our first 200 scans is presented. Evaluation 
seeking to relate accuracy of interpretation by examiners at various levels of experience is 
considered. Correlation with other diagnostic central nervous system studies and pathological 
finding is presented. Patterns of tumors and vascular lesions are analyzed. 


Brain Scanning in Non-neoplastic Intracranial Lesions ALBert J. Gitson (Divi- 
sion of Nuclear Medicine, University of Miami School of Medicine, Miami). 


Scanning is an important modality in the evaluation of patients with cranial-cerebral 
trauma. Its usefulness in the diagnosis of cerebral neoplasia has gained wide acceptance. 
However, the potential value of this procedure has not been fully exploited in the mass 
screening of patients sustaining trauma to the head. The systematic use of routine brain 
scanning in our clinic has been of major importance in detecting intracranial lesions of non- 
neoplastic etiology. A series of representative scans demonstrating the classic findings portrayed 
by brain scanning in lesions of non-neoplastic origin will be presented. 
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A Comparison of Mercury'** and Mercury?®* Chlormerodrin in Clinical Brain 
Scanning Marvin C. Overton, III, Witi1am K. Orre, Lucas B. BEENTYEs, 
AND THomas P. Haynie (Department of Neurosurgery, Nuclear Medicine 
Service, and Department of Radiology, University of Texas Medical Center, 
Galveston ). 


During the past two years, we have employed Hg™ and Hg™ chlormerodrin in an active 
brain scanning program. The results of this clinical experience have been analyzed in an effort 
to determine if results are comparable with these two agents. The overall rate of positivity in 
neoplastic lesions revealed very little difference between Hg™ (82%) and Hg (88%). In non- 
neoplastic lesions, results with Hg™ (75% positive) appeared superior to Hg™ (50% positive) 
but the cause of this discrepancy is not clear at the present time. We have observed some at- 
tentuation of the softer gamma ray of Hg™ in some instances where the tumor is distant from 
the detector, but have not found this to constitute a major problem in clinical practice. 

We agree that the search for better and safer brain scanning agents should continue. 
Hopefully, new agents will offer practical as well as theoretical advantages. Hg” chlormerodrin 
in our experience has given results comparable to those obtained with Hg™ chlormerodrin with 
the advantage of a lower radiation dose to the patient. 


The Digital Autofluoroscope Merritt A. BENDER AND Monte Buiavu (Depart- 
ment of Nuclear Medicine, Roswell Park Memorial Institute, Buffalo, New 
York). 


The detector of the digital autofluoroscope consists of 260, 2 inch thick, % inch diameter 
Nal (Tl) crystals packed in 20 files and 13 ranks in a 6 X 9 inch array. Each of the 260 
crystals is optically coupled to two plexiglas light pipes with the 20 light pipes from a given 
rank going to one phototube and the 13 light pipes from a given file going to another photo- 
tube. A pair of pulses occurring simultaneously in a rank phototube and a file phototube uni- 
quely identifies the crystal in which an interaction occurres. Increased resolution and efficiency 
results as the position signal derived from the phototube array is independent of pulse height 
and anticoincidence circuits reject those simultaneous pulses arising from a Compton interaction 
followed by the absorption of the scattered radiation in an adjacent crystal. 

The digital nature of the light pipe system permits the use of magnetic core storage with 
subsequent non-destructive continuous readout on a full size CRT and numerical printout for 
quantitative compartmental analysis. 


I*. H.S.A.—Studies of Rheumatoid Knees Witu1aM S. Maxrietp, THomas E. 
Weiss, Paut J. Murison, AND JoHN U. Hmvatco (Ochsner Clinic, Radiology 
Department, New Orleans). 


The study of normals and of patients with rheumatoid arthritis by external counting and by 
scanning demonstrates that following an intravenous injection of I.*H.S.A. there is an in- 
creased localization of the I.*H.S.A. in the rheumatoid joint. The I.*H.S.A. dose employed 
is 25uc / 10 Ibs. of body weight after first blocking the thyroid with Lugol’s solution. 

The pattern of I.*H.S.A. localization in the knee joint is checked relative to time by ex- 
ternal counting at from 1 to 72 hrs. In the normal patient these curves show a different pattern 
between the counts over the knee joint and counts over the thigh taken as a control for 
I.*H.S.A. Activity in the vascular bed and in the soft tissue. Counts over rheumatoid knees 
have a pattern similar to that of the normal knee but the count rate is greater. The degree of 
I.*H.S.A. localization appears to correlate with the patient’s symptoms and with the clinical 
assessment of the activity of the rheumatoid process in the joint. 

The distribution of I.*H.S.A. scans show that in the rheumatoid knee there may be either 
a diffuse localization of fairly uniform activity or a pattern of definite hot and cold areas. 

Evaluation of the localization pattern of I.*H.S.A. in other types of arthritis is in progress. 
The application of other tracer materials is also being investigated. 
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4 Collimator for Scanning with Low-energy Photons C. C. Harris, J. C. Jorpan, 
M. M. SATTERFIELD, AND J. K. Goopricu (Oak Ridge National Laboratory, 
Oak Ridge, and University of Mississippi Medical Center, Jackson). 


Collimators furnished with commercial scanners are usually designed for the 280-410 
<ev energy range, and have unnecessarily low transmission when used for gamma rays from 
25 to 80 kev. In addition, their spatial resolutions are poor compared to that easily obtainable 
it very low energies. 

To obtain improved performance at 30 kev with a commercial scanner, we devised a 
igh transmission collimator made by assembling tubes of lead foil. The tapered hexagonal 
-ubes were made by forming 0.005 inch lead foil around a mold pin for a 61-hole 3 inch 
ollimator. These were then glued together to make a collimator of approximately 110 holes. 

Laboratory testing of this collimator using point and phantom sources of iodine-125 indi- 
‘ate resolution similar to that of a 61-hole collimator, but with about twice the geometrical 
-ounting efficiency. 

Since the collimator, made for adapting an existing scanner to low-energy studies, was 
unnecessarily long, it was also tested on mercury-197 (67-78 kev). The results indicate satis- 
factory clinical use with this nuclide. 

The quickly-devised construction technique requires a minimum of equipment, and should 
lend itself to other special experimental collimator designs. 


Clinical Applications of Low Energy-High Transmission Collimator Jack K. 
Goopricu, H. L. Stone, Resecca W. Hitt, anp C. C. Harris (University 
of Mississippi Medical Center, Jackson, Division of Biodynamics, Brooks 
Air Force Base, Texas, and Oak Ridge National Laboratory, Oak Ridge). 


In recent years a definite trend toward in vivo use of low energy emitting nuclides has 
developed. This has been stimulated by the long recognized need to reduce radiation dose to 
whole body and target organ. While reducing this radiation dose the low energy emitters have 
raised new problems of measuring and recording. This came to focus when Cs" Acetate was 
proposed for myocardial scanning. An endeavor to scan the dog heart using Cs" and standard 
scanning instrumentation was made only to find that the 19 hole collimator, while giving ex- 
cellent count rates, yielded no usable image patterns. The 37 hole collimator gave a more de- 
sir-image presentation but reduced counting rates to marginal levels. To reach some solution 
to this dilemma a thin lead foil multi hex holed collimator was produced at ORNL and ap- 
plied to our standard scanning detector. Early results of scanning the dog myocardium with 
this modification were gratifying, and human applications are being explored. 

The collimator has an added feature of being satisfactorily adapted to scanning the low 
energy nuclide, Hg™ in brain and kidney. 


Localization of S*° Labeled Sulfanilic Acids of Fluorene in Tumors Francis E. 
Ray AnD Krisuna C. Acrawat (J. Hillis Miller Health Center, University of 
Florida, Department of Pharmaceutical Chemistry, Gainesville ). 


In previous reports we have described the preparation and localization in tumors of radio- 
active sulfonic acids and sulfonamide derivatives of fluorene. If a compound were obtained 
that concentrated in tumor tissue to a considerably greater extent than in the vital organs it 
might be valuable as a diagnostic or therapeutic agent. 

In an effort to improve the differential between tumor and normal tissue we have now 
inserted amino groups into the fluorene nucleus and followed this by sulfonation with S®* 
sulfuric acid. The first compound of this series to be prepared was sodium 2-acetylamino-7- 
sulfonate-S*. Each tumor-bearing CAF-Jax mouse was injected IP with 0.5 ml containing 5 mg 
of compound of specific activity luc/mg. After varying time intervals the animals were sacri- 
ficed and the radioactivity determined in the blood, urine and organs. In passing from 6 hours 
to 9 hours some decrease in concentration of radioactivity was found in blood, kidney, and 
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liver; while some increases were found in spleen, stomach and tumor. The ratios of concen- 
tration (tumor/organ) were favorable except in liver and GI tract. 

At the end of 16 hours the ratio was favorable in all cases. At 40 hours the ratios showed 
further improvement. This indicates that the compound is eliminated less readily from the 
tumor than from the vital organs. An interesting feature was the appearance of considerable 
radioactivity in the stomach despite IP administration and the acidic nature of the substance 

The next step was to insert two amino groups into the fluorene molecule, followed by a: 
S-35 sulfonic acid group. This was a decided improvement. At 8 hours all ratios were favor 
able: liver, 4.67; kidney, 3.90; spleen, 9.66; muscle, 18.30; blood, 4.61; stomach, 2.52. Her: 
again we are at a loss to account for the considerable amount appearing in the stomach. 


Radiation Effects on Tissue Uptake and Protein Incorporation of C4-UL-L 
Leucine in the Rat Aaron P. SANDERS, GeorGE J. BAYLIN, AND P. J. Cavan 
AUGH (Radioisotope Laboratory, Department of Radiology, and Radiother 
apy Division, Duke University Medical Center, Durham, North Carolina) 


The relative response of radiosensitive vs. radioresistant tissue to ionizing radiation is not 
clearly defined at the cell level. In an effort to delineate possible differences in response to 
ionizing radiations which occur at the cell level, the present study was initiated. Male 
Sprague Dawley rats (160-210 grams) were used in all experiments. Normal animals and 
animals exposed to 1500 r (280 KVP, 1.44mm HVL) whole body irradiation were used in the 
study. The tissue uptake and protein incorporation of C“-UL-L-Leucine was studied in the 
controls and in the irradiated animals 3 hrs., 24 hrs., 48 hrs. and 72 hrs. post irradia- 
tion. Brain, liver, kidney, spleen and small bowel mucosa were studied. 

Two microcuries of C-UL-L-Leucine (1 micromole were injected into the tail vein of 
each animal and a 45 minutes incubation period used prior to sacrificing the animal. All tissues 
were rapidly removed and homogenized in ice cold distilled water. Total tissue C“ content 
per gram of tissue was determined for each tissue. Protein-C'-content per gram of tissue for 
each tissue was determined by a modified method of Mans and Novelli. The filter paper 
samples thus obtained were counted in a toluene liquid scintillation mixture in a Packard-tri- 
carb liquid scintillation counter. 

The response of each tissue to the whole body irradiation as indicated by changes in tis- 
sue uptake and protein incorporation of the C'-UL-L-Leucine is recorded as a function of time 
post irradiation. 


Studies on Retention and Distribution of Diagnostic and Therapeutic Doses of 
Iodine-131 in Patients with Thyroid Carcinoma Fe.tx J. PircHER AND 
Tuomas BurFraLo (Duke University Medical Center, Durham, North Caro- 
lina). 


Metastatic well differentiated thyroid carcinoma has been treated now for over a decade 
with iodine-131. The doses for a full course of treatment have ranged from 50 to 1,000 mil- 
licuries. The dosimetry is purely empirical and few investigators have attempted to determine 
the doses absorbed by target tissue. Tracer studies are primarily used for the detection and 
localization of metastases and few attempts have been made to measure directly uptake and 
effective half-time in these metastases. Furthermore some investigators have presented evi- 
dence that the distribution of therapeutic doses may differ from that of diagnostic doses. It 
seemed desirable to attempt to improve the situation and try to measure uptake and effective 
half-time in diagnostic studies and to measure absorbed doses in treatments. Since the absorbed 
dose is a product of energy, concentration and time and since the energy for iodine-131 is 
known, our efforts were directed towards the development of methods of measuring in vivo 
the distribution of iodine-131 in patients with thyroid carcinoma. Our experience with the 
Orins Linear Scanner, designed by Brucer and Ross, suggested that the distribution of the 
radioisotope may be measured in vivo by moving the patient at a constant speed through a 
vertical and transverse plane of uniform response divided into individual channels of de- 
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tection. This was achieved in the whole body scanner described previously (Design and 
Properties of the Duke Whole Body Scanner and Counter. Presented at the National Meeting 
of the Society of Nuclear Medicine in 1964 in Berkeley, California.) The instrument uses 10 
collimated detectors arranged in 5 channels of detection. The counts are recorded by a type- 
writer and on tape punch for an average of 100 cross-sections with 5 six digit counts in each. 
The typewritten data are used for immediate inspection and for the determination of the 
maximum count. The tape punch record is converted into punch cards which are used for 
computer analysis to give contour plots in 40 steps of the maximum count. We have so far 
studied 16 patients with thyroid carcinoma. The majority of them had well differentiated car- 
cinoma. Unfortunately only a minority of the patients had a total thyroidectomy. Most of the 
patients had diagnostic and therapeutic doses ranging from 500 to 1,000 microcuries and from 
100 to 200 millicuries respectively. Several patients had repeated studies. The patients were 
scanned 2-3 times in regular intervals on the first day after the oral administration of the di- 
agnostic or therapeutic dose in order to determine the value of the administered dose in terms 
of whole body counts. The whole body retention was determined by repeated examinations 
at proper time intervals. Areas of concentrations were measured in per cent of the adminis- 
tered dose and the effective half-time determined through repeated examinations. A prelimi- 
nary review of the results indicate that there is substantial variation in distribution from 
patient to patient depending upon the amount of residual thyroid tissue and on other factors; 
some variation in distribution between diagnostic and therapeutic doses; and appreciable 
high doses to nontarget tissue. 


The Use of Spatial Integration in Liver Photoscanning ArtHur F. Dratz AND 
James C. Coserty (Radioisotope Service, Veterans Administration Hospital, 
Atlanta). 


Using an organ phantom system in evaluating the performance of a recently acquired 
commercial analog-type photoscanner, we have attempted to determine the optimum instru- 
ment parameters for liver scanning at low counting rates. Our experience has convinced us 
that there is a definite need for additional and specific emphasis on the importance of dot 
size and shape in photoscanning. 

We use a constant total scanning time of 38 minutes per 70 square inch area. Film satur- 
ation is avoided and minimal background erase is employed to insure that the maximum amount 
of useful data is recorded on the scan. Any desired degree of contrast enhancement can be 
obtained subsequently on Polaroid photographs. We included in the study a wide variety 
of combinations of scan speed, time constant, spacing, dot configuration and film exposure. 
We now employ a standard scan speed of 15 inches per minute and a spacing of one-eighth 
inch between traverses. The scanner’s light source, focused at the film plane, is masked to 
produce a rectangular mark one-eighth inch wide and one-quarter inch long. The long axis 
is oriented in the direction of traverse. A length of one-quarter inch permits each point on 
the film to accumulate data for a period of one second. This spatial integration results in a 
considerable smoothing of statistical variation and permits the use of a fast time constant of 
0.1 second, even at low counting rates. One of the major inherent disadvantages of analog 
scanners is, therefore, overcome. 


A Method for Comparing Collimator Systems Applied to External Counting of 
Cr*! in the Spleen But M. Newson, VicHar PosHyAcHINDA, AND MAKuM- 
KRONG WasanasomsiTHI (Oak Ridge Institute of Nuclear Studies, Oak Ridge, 
and Department of Radiology, Chulalongkorn Hospital, Bangkok, Thai- 
land ). 


A simple three-dimensional analysis of isoresponse data is used to compare collimator 
systems for external counting of Cr™ in the spleen. The “reproducibility” of in vivo counts 
(neglecting statistical variations) depends mostly on proper positioning of the detector over the 
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spleen and is only slightly affected by the collimator design, at least for the two collimators 
chosen for this study. The “sensitivity” of a very short (“no-collimator”) system is greater 
than that of a collimator system designed for thyroid uptake determinations (“flat-field probe”), 
because the crystal can be placed closer to the spleen. “Specificity,” defined as the ratio of the 
contribution of the spleen to the total net counts, would also seem to be better with a colli- 
mator that permits the detector to be close to the spleen. However, because of the activity 
in the body wall and other tissues about the spleen, a rigorous comparison of the specificity of 
collimator systems cannot be made by casual inspection or isoresponse data. Arithmetic summa- 
tion of the three-dimensional contributions of Cr distributed in appropriate compartments 
confirms the superiority of the short collimator for spleen counts. 


A New Counter for Radioactive Samples WiL1AM D. Gisss anv C, C. Lusn- 
BAUGH, (Medical Division, Oak Ridge Institute of Nuclear Studies, Oak 
Ridge). 


An instrument was designed to accurately measure the radioactivity in bulky samples of 
variable shape and size without needing to correct for sample size and shape or for distribu- 
tion of radioisotope in the sample. Such an assay system was needed particularly for quantitat- 
ing I™ in fecal specimens. 

The best design for this purpose was found to consist essentially of two, vertically op- 
posed, 2- X 2-in. Nal crystal detectors, 62.7 cm apart, viewing a chamber shielded with 4 in. 
of lead. The floor of the chamber is made of % in. plexiglass and is located 30.9 cm above the 
face of the lower detector. The two detectors are connected in parallel to one gamma-ray 
spectrometer. Provision is made for individual calibration of the detectors. 

The operation of the instrument is based upon the premise that an energy threshold 
exists above which the counting rate is almost independent of sample size or isotope distribu- 
tion. This involves counting a certain amount of scattered radiation. Such a threshold indeed 
exists and has been determined empirically for a number of radioisotopes for sample sizes 
from 10 to 500 ml. 

The range of sensitivity for this instrument is 0.2 to 200 microcuries for I. 

Because of the relative unimportance of size and spatial configuration of the sample in 
the counting chamber, whole-body counting of live as well as dead small animals or large 
tissue or liquid samples can be done with an accuracy of + 2 per cent. 


Scanning of Bone Marrow in Animals Granvi C. KyKeER AND JOHN RAFTER 
(Medical Division, Oak Ridge Institute of Nuclear Studies, under contract 
with the U. S. Atomic Energy Commission, Oak Ridge). 


Evaluation of the functional size and distribution of bone marrow has wide potential 
medical use. The consistent correlation between localization of colloids within marrow and 
its hematopoietic activity offers a practical approach (1). The properties favoring localization 
of particles in marrow over other organs—liver, lung, spleen—are only obscurely defined. With 
similar chemical properties, size is however an important factor (2). 

We have compared scans of six colloidal preparations of one rare earth metal, cerium, 
differing in pH and presumably differing in colloidal size. These were made by titrating acid 
solutions of cerium citrate containing cerium-144 tracer to pH 3.5, 5.0, and 7.0. A cloud of 
hydrolytic product varied according to the extent of titration and much of it remained dis- 
persed as a sol. Direct use of these supernatants comprised three of the six preparations and 
the other three were their corresponding centrifugates (2500 rpm, 5 minutes). In rabbits, 
each of these six preparations give a clear delineation of the femoral, pelvic, spinal, and 
other marrow sites. The scan pattern was both quickly evident and persistent (from one hour 
to a week). The optimal time and sharpness of the scan varied slightly among preparations and 
correlated with the radioassay data. 

After the last serial scan, the animals were killed; and heart, kidney, lung, spleen, liver, 
marrow, and bone were radioassayed. These preparations at pH 3.5, 5.0, and 7.0 gave mar- 
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ow/liver ratios of 1.8, 1.3, 0.9, 1.7, 1.8 and 1.0, respectively (the underscored values repre- 
ent the centrifuged supernatants ). Similarly, the marrow/bone ratios were 96, 26, 27, 24, 21 
ind 41. These marrow/liver ratios greatly exceed those for radiocolloidal gold (3) which is 
sresently finding practical use for the clinical scanning of marrow (1) although it largely 
ycalizes in liver (90-95%). A short-lived (few hours), low-energy (less than 150 kev), pure- 
amma emitter would serve ideally for marrow scanning. Technetium-99m, which is so rapidly 
‘aining medical usefulness (4), has all of these physical characteristics but we have observed 
oor marrow localization with presently described sols of this isotope (5). The cerium-144 
sed here has none of these desired physical characteristics but the series of chemically similar 
ire earth elements includes numerous radioisotopes, some of which do meet these physical 
riteria. 
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Clinical Usefulness of Iodine-130 in Serial Tracer-studies in Patients with Func- 
tioning Thyroid Cancer PETER PFANNENSTIEL AND B. W. Sitrerson (Oak 
Ridge Institute of Nuclear Studies, Medical Division, Oak Ridge). 


Cyclotron-produced I’ (half-life 12.6 hours) has not found extended clinical use, since 
it was replaced by reactor-produced I’ (half-life 8.04 days). Iodine-130 is available now 
from Oak Ridge National Laboratory, Produced by Neutron Bombardment of the fission product 
1-129 (I'” (n, a) I’). This preliminary report summarizes its physical data, reports diagnostic 
counting techniques of its relatively strong a emission and outlines advantages of its short half- 
life for repeated tracer studies at frequent intervals. Responses of surgically “athyroid” pa- 
tients with histologically proved thyroid cancer to various exogenous TSH-doses are under 
study. After thyrotropic stimulation with a total dose of 100 USP units TSH intramuscularly, 
in a few patients partially treated thyroid cancer we observed a significant increase of I’ 
retention determined through total-body counts or urinary I’ excretion. The increased I” 
retention does not appear to be completely accounted for by the enhanced I” accumulation in 
remaining functional normal or malignant thyroid tissue, as determined by uptake measure- 
ments and area scans, or by output of increased amounts of PBI’. Linear scans give no evi- 
dence that other iodide concentrating tissues such as salivary and gastric glands respond to 
TSH. Two normals with KC10,-blocked thyroid glands did not retain more I’ after TSH. 


The New Isotope Unit—Problems and Solutions 


The chief purpose of the panel is to offer guidance to physicians, administrators and 
others who are planning to start a new radioisotope unit. The problems which arise are 
numerous and varied in character. Obviously, all of them cannot be covered in the time avail- 
able. Attention will be directed specifically to part time noninstitutional radioisotope diag- 
nosticians, with reference to the general problems of equipment, training, scope and economic 
aspects inherent in small scale programs. Particular attention will be devoted to the “pit-falls” 
associated with the use of low-energy emmitters. Lastly, some ideas will be presented on how 
present plans for radioisotope units should be molded in order to fit into the future role of 
nuclear medicine in hospital and medical school organization. 
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TO THE EDITOR 


The July 1964 number of the Journal carries on p. 570 a letter by Dr. Bergene Kawin 
proposing an amendment of a formula I had submitted in order to correct an error which 
occurs in a paper by Dr. Razzak, the same Journal 4:244, 1963. My letter was printed in the 
April 1964 number, p. 319. I maintain that my formula should be used and suggest that Dr. 
Kawin’s formula is impractical and actually disturbing. 


The difference between the formulas is this: Kawin’s formula contains the additional 
term e-A\t, obtained by correct integration, a result an average college freshman would have 
reported. Mathematically it is correct. This term has the character of a “transient.” It was inten- 
tionally ommitted by me, and I am sure by the original author also. Every physicist would au- 
tomatically do the same because the term in question is negligibly small. Neglect of this term 
is of the essence of the method in order to save redundant computations which are reintro- 
duced by the Kawin version. This is a numerical example, based on Fig. 1 of Razzak’s article. 
We assume t = 10, and T,, = 1.5. Here are the results for the corresponding area, taking N, 
for the unit of length. 

Kanner’s formula: 

Area = t — T,,/0.69 = 7.83 

Kawin’s formula: 

Area = t — (T,,/0.69) (1 — ert) = 7.85 


The difference is about 0.25 per cent. 


The term missing in my and Razzak’s version is e-\t. In our example it has the value of 
about 0.01. Its inclusion complicates the computation, necessitates the use of a table of expo- 
nentials, but has no practical effect whatsoever on the result. 


Dr. Kawin’s proposal not only lacks utility but actually introduces useless computational 
complications. 
O. KANNER, M.D. 
Chief, Laboratory & 
Radioisotope Services 
Oteen, North Carolina 


TO THE EDITOR 


The article “Channel Ratio in the Determination of Two Gamma-Emitting Radioisotopes” 
by R. P. Spencer and Burton Seife (Journal of Nuclear Medicine 5:562, 1964) presents a two 
dimensional count ratio method of solving for two elements in a mixture. 


A more complete description of this method of solution appeared last year in your pub- 
lication. That was my paper “Computers in Activation Analysis” (4:306-311, 1963). This ar- 
ticle included a description of a three element solution and actual results for a composite of 
calcium, manganese, and magnesium. 

BarNEY T. WATSON 

Chief, Data Processing Section 
VA Hospital 

Omaha, Nebraska 
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TO THE EDITOR 


User oF MORPHINE IN PANCREATIC SCANNING WITH SE“METHIONINE 


Recently at the Cleveland Clinic we modified the preparation of the patient for pancreatic 
scanning. At the time of the Se*methionine injection, an injection of 4 gm of morphine was 
also given. The purpose of the morphine injection was to take advantage of the known effect 
it has over the sphincter of Oddi. We believe that the contraction produced by the morphine 
in the sphincter delayed the excretion of the radioactive material. 

The technique plus the pictures of the television image of two of the scans obtained 
follow. 

Technique: Prescanning—from 6 pm the evening prior to the scan until the following 
morning, the patient receives no food or fluids by mouth. The morning of scanning he is given 
a fat-free breakfast comprised of fruit juice, chicken broth, jello, egg nog made with skimmed 
milk, tea and three to four packets of sugar. About 30 minutes later, Se*methionine, (from 
3 to 3.5 mc/kg body weight), is slowly injected intravenously and % gm of morphine is in- 
jected intramuscularly. Thirty minutes later the scanning is started. The results are shown in 
Figures 1 and 2. 

Figure 1 is the television image of a pancreatic scan of a normal pancreas. Figure 2 is 
the scan of an abnormal pancreas, revealing an area of decreased uptake at the level of the 
neck of the pancreas; a carcinoma involving this area was found at operation. There was also 
metastasis to the liver. 

Comment: We believe that the addition of morphine to the preparation of the patient has 
something to offer in the way of improved contrast in scintigrams of the pancreas. 


ANTONIO RODERIGUEZ-ANTUNEZ, M.D. 
Division OF RADIOLOGY, CLEVELAND 
C.iinIc FouNDATION 

CLEVELAND, OHIO 
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Figure 2 


TO THE EDITOR: 
re: Research Study given: 


x + by =u (1) 
ax + y=v (2) 
solve for x and y in terms of u and v. 


Perhaps you could be good enough to enlighten readers of your esteemed Journal as to 
what kind of personal and/or environmental prerogatives an M.D. has to be endowed with to 
qualify: 


1. To engage in this type of advanced study in a renowned medical institute 





2. To receive from the U.S. Government agencies special grants supporting this pursuit 
and 


3. To have the fruits of his ingenuity and labors proclaimed urbi et orbi/on pages of a lead- 
ing professional journal. 


I trust you will appreciate and excuse my anonymity at this stage. 
Editor's Note 


It is not the policy of The Journal to publish anonymous communications, but an excep- 
tion is made in this case in the hope that an enlightened reader will reply. 





LETTERS TO THE EDITOR 
TO THE EDITOR: 


It was with considerable interest and anticipation that we read Dr. Spring’s paper 
on a potassium iodide thyroid suppression test. We, too, find the time required for a 
cytomel suppression study and the necessity for patient cooperation mild drawbacks 
to the use of this test. However, our experience in several hundred such studies has 
convinced us of the outstanding reliability of the T-3 suppression test. It is because of 
this experience that we must find fault with Dr. Spring’s paper in the fundamental 
areas Of: 


1. Method and interpretation of data 
2. Concepts upon which conclusions are based 


With regard to the method we must challenge the assumption that the uptake in 
normal patients two weeks after the T-3 suppression test can be assumed to be identical 
with the initial uptake. In fact had nothing been done to the patient the uptakes could 
easily vary in this time interval by several percentage points—and differences of this 
insignificant magnitude are accepted as the basis for comparative judgments (e.g. Case 
D.O., Table IV; Case K.K., Table IV; Case K.S., Table IV; and possibly Cases O.M., 
Table IV and the second run of Case I.L., Table IV). Where the entire procedure was 
repeated (Cases I.L., and I.W., Table IV) the separate occasions (we are not given 
the intervals) vary by amounts greater than those observed in the suppression testing. 
Furthermore, in the same patient the T-3 suppression is greater in one instance, while 
the KI suppression is greater in another (e.g. Case I.W., Table IV and Case F.C., Table 
VI). For some reason cases A.P. and M.L., Table VI, do not have the same initial 
uptakes before the two types of suppression. Does this bear out our contention that if 
checked before the second suppression test the uptake might be found to be significantly 
different? 


Another challenge of the method is in regard to case selection for Table I—pre- 


sumably patients with normal thyroid function. Four of these patients had hot nodules 
and are obviously not properly included in a normal group, even if clinically euthyroid. 
Furthermore, one patient had previous surgery for hyperthyroidism, two had nodular 
goiter, and two unilateral exophthalmos. It would seem more appropriate for patients 
with nothing to suggest abnormal thyroid function to be selected for the euthyroid 


group. These patients cannot properly be referred to as having “no evidence of thyroid 
disease.” 


The most glaring defect appears to be the very high initial radioiodine uptakes in 
the euthyroid group for which the author has no explanation. We would have been 
more favorably impressed if the author had stated that patients were deliberately 
selected for high uptakes in the face of a clinical impression of an euthyroid state for 
here is precisely the place for suppression testing. However, apparently such was not 
the case since 8 of 17 initial uptakes in Table IV were less than 40 per cent. The 
author’s contention that all of these patients were “proven euthyroid beyond doubt 
by the degree of suppression by KI” is not acceptable in view of the observation that 
Case C.M., Table V, a proved hyperthyroid, failed to suppress on T-3 to the degree 
seen in Cases I.L., W.R., A.A., and O.M. in Table IV is a distinct abnormality indicat- 
ing at least autonomous function. Case O.M. is a “hot nodule” and should be excluded. 
This leaves 3 of 17 “euthyroid” patients failing to suppress on the adequate doses of 
T-3 employed. The incidence of such a phenomenom in our experience would be closer 
to 1-3 per hundred, if that high. However, our euthyroid patients have uptakes aver- 
aging one half the mean value reported here. We must conclude that the selection of 
the euthyroid group appears to have been fortunitously inappropriate. 


We would differ with the arbitrary decision as to the difference in results which the 
author chose to accept as significant and favoring one method of suppression over 
another. This is particularly obvious in Cases C.T., D.O., V.G., J.C., T.G., K.K., R.S., 
and O.M., Table IV; and Cases F.C., A.P., A.A., and M.S. in Table VI. In all of the 
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examples cited the suppressive effects are similar enough on inspection to make a 
meaningful comparison impossible. We doubt that a statistical analysis would indicate 
otherwise. 

Our next major area of contention is in the realm of concepts and conclusions. It 
is generally accepted that the ideal suppression test would suppress all borderline high 
uptakes in normal patients to clearly low values while suppressing the uptakes of those 
patients with autonomously functioning thyroid glands not at all or even rendering 
these uptakes higher if possible. Therefore, any suppression method which does not 
suppress a significant proportion of the patients with normal thyroid function (euthy- 
roid) or which does suppress patients with autonomous function (usually hyperthyroid) 
is unsatisfactory. Dr. Spring seems pleased that KI was “more suppressive than T-3 in 
both euthyroid and hyperthyroid subjects.” Suppression of the hyperthyroid subjects 
should be a source of displeasure. Furthermore, in those cases in which the KI sup- 
pression test fails to agree with the T-3 suppression we would submit that in all likeli- 
hood the KI test was erroneous. We refer here only to differences great enough to lead 
to a differing conclusion as to the presence of autonomous function or not. The vast 
experience with the T-3 test attests its sensitivity and validity. Until the KI test can 
be shown to duplicate the results of the T-3 test consistently most of us would, we 
believe, place our faith in the T-3 test. 

A final note of caution is in order as regards conclusions about the functional state 
of the patient (euthyroid vs. hyperthyroid) on the basis of a suppression test. Such tests 
determine only whether thyroid function is suppressable or on the contrary autonomous. 
Although hyperthyroidism is not seen in patients with T-3 suppressable glands, non- 
suppressable or autonomous glands may be associated with either the euthyroid or 
hyperthyroid state. This final determination must be made on clinical criteria. Efforts to 
reduce this judgment to a laboratory exercise are undoubtedly doomed to failure. 

We very much enjoyed reading this paper and appreciate the author’s frankness 
in supplying adequate data to permit a meaningful evaluation of the work. We would 
hope that a much more extensive study might be undertaken since such a test, if well 
worked out, could offer definite advantages in selected cases. We would especially like 
to see such a study restricted only to borderline cases. 


Joe. I. HamsBurcer, M.D. 
GrorcE KapiAn, M.D. 























President's Letter 


In continuance of our policy of bringing Society efforts to the attention of the member- 
ship, we wish to direct attention to the work of the Committee on Technologists in Nuclear 
Medicine. As we all know, our technologists are the “backbone” of our laboratories and it 
is this committee’s task to investigate the means by which these skills and talents can be uni- 
formly recognized. 


This committee, under the able direction of Dr. Ervin Kaplan, chairman, has vigorously 
attacked this problem and has made considerable progress as attested by Dr. Kaplan’s report 
which follows: 


It is the policy of the Society of Nuclear Medicine to advocate and promote a 
standard of excellence among the technologists in Nuclear Medicine. To establish stand- 
ards, an Ad Hoc Committee of the Society has studied the problem for several years. 
After establishing a technical affiliate category of membership, this Committee has rec- 
ommended the establishment of an acceptable curriculum to outline the course of study 
to be followed by technologists. This curriculum should be acceptable to the American 
Medical Association. In addition, the Committee has recommended that a certifying ex- 
amination be given to technologists who have met recommended criteria for eligibility. 
The technologists successfully passing this examination would be carried by a Registry 
of certified Nuclear Medical Technologists. Finally, the Committee has deliberated upon 
criteria for suitable technical training facilities. In recognition of the importance of the 
technologist problem, the Committee on Technology is now a standing Committee of 
the Society. The membership of this Committee will represent the principal medical and 
scientific specialties in Nuclear Medicine. The Society of Nuclear Medicine must pro- 
ceed with implementation of the above program as expeditiously as possible. It is antici- 
pated that certifying examination will be given within a year. 


The establishment of a single standard of proficiency for Nuclear Medical Tech- 
nologists is clearly in order. Such a uniform program would require the closest coordi- 
nation between the Society of Nuclear Medicine and the other organizations concerned 
with technologists in this specialty. These cooperating organizations should certainly in- 
clude the American College of Radiology, the American Society of Clinical Pathologists, 
The American Society of Medical Technologists, the American Society of X-Ray Techni- 
cians and the American Registry of Radiologic Technicians. Liaison between the Society 
of Nuclear Medicine and the above groups should exist outside of the organizational 
structure of any single society, and should be permissive of free and adequate ex- 
change of information. 


The day has arrived when the Certified Nuclear Medical Technologist will be a 
respected member of the Nuclear Medical Team with a known level of skill which will 
inspire confidence in his professional and technical colleagues. 


JOHN U. HIDALGO, M.S. 
President 





Announcements 





The Ninth Annual Meeting of the Biophysical Society will be held 
February 25-26, 1965, at the Sheraton-Palace Hotel in San Francisco, 
California. 

Contributed papers, plus a Symposia on Information Transfer in Bio- 
logical Systems and Evolution and Exobiology will be highlights. 


For further information, contact: 


Dr. William Sleator, Secretary 
Washington University Medical School 
St. Louis, Missouri 63110 








New International Laboratory for Radiation Measurements 


An international radiation measurements laboratory was recently estab- 
lished on the outskirts of Paris, France. This new facility is an addition to 
the International Bureau of Weights and Measures, supported by the mem- 
ber nations that subscribe to the Convention of the Meter. The laboratory 
will promote the use and control of ionizing radiations for medical, indus- 
trial and scientific purposes on a world-wide scale. It will also provide 
international comparisons for radiation measurement standards, including 
those for x-rays, gamma-rays, radionuclides and neutrons. 

The laboratory is equipped with some of the newest and most accurate 
equipment available for x-ray, radioactivity and neutron measurements. 
Space is provided for a high-voltage generator and for various radioactive 
sources that will be used for calibration operations. Necessary radiation 
shielding is a built-in feature. 











Directors of Abbott Laboratories, North Chicago, and Nuclear-Chicago cor- 
poration, Des Plaines, have approved a definitive merger agreement. 

Nuclear-Chicago shareholders will meet November 12 and Abbott share- 
holders November 17 to vote on the merger. Abbott and Nuclear-Chicago share- 
holders of record October 9 will be eligible to vote. 


The agreement calls for the exchange of one share of Abbott common stock, 
plus 4» of a share of new $100 stated-value cumulative preferred stock paying 
an annual dividend of $4.40 a share, for each two common shares of Nuclear- 
Chicago. The new preferred stock would be noncallable for five years and call- 
able thereafter at the option of the company at prices ranging from $102.50 per 
share in the sixth year to $100 per share after the tenth year. 

If approved, the merger is expected to become effective November 30. 
Nuclear-Chicago would be operated as a division of Abbott, and Dr. Haldon 
A. Leedy, President of Nuclear-Chicago, would become a Vice-President and 
Director of Abbott. 
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NUCLEAR MEDICINE FOR THE INTERNIST 
April 5-9, 1965 


The Johns Hopkins University and Hospital 
Departments of Medicine and Radiology 


Baltimore, Maryland 


This course is an attempt to introduce the clinician to the basic prin- 
ciples on which radioisotope methodology is based, to evaluate its current 
usefulness and to outline the direction in which future work may proceed. 
Emphasis will be placed on procedure that provide new data or data that 
can be obtained only by more complicated, more dangerous or more expen- 
sive alternative methods. Consideration will be given to the potential health 
hazards involved in handling radioactive isotopes and administering them 
to patients. 


Persons wishing to register for this course should write to Miss M. H. 
Jackson, Registrar, American College of Physicians, 4200 Pine Street, Phila- 
delphia, Pa., 19104 or: Dr. Henry N. Wagner, Jr., The Johns Hopkins Hos- 
pital, Baltimore, Maryland, 21205. 











New Publication Available 


Radiochemical Analysis: Activation Analysis, Instrumentation, Radiation 
Techniques, and Radioisotope Techniques July 1963 to June 1964.' 


This technical note describes the work of the newly organized NBS 
Radiochemical Analysis Laboratory in four major areas—activation analysis, 
instrumentation, radiation techniques and radioisotope techniques—and in- 
cludes a discussion of the present radiochemical laboratory and clean room. 
Plans for the 10 megawatt nuclear reactor and the 100 mev Linac facilities 
in Gaithersburg, Maryland, are also outlined. 


The radiochemical analysis laboratory develops measurement tech- 
niques for the qualitative and structural composition of materials through 
the use of radioisotopes. These techniques are applicable to materials used 
extensively in industry and science. 


‘James R. Devoe: National Bureau of Standards Technical Note 248; August 21, 
1964; 83 pages. Foreign remittances must be in US exchange and should include an 
additional % of the publication price to cover mailing costs. Order: Superintendent of 
Documents, US Government Printing Office, Washington, D.C. 20402, or from local 
US Department of Commerce Field Offices. Price: $.50. 
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I” Content in Ovarial and Other Tissues at Different Times 
After Oral Administration’ 


Titus C. Evans, Ph.D., Robert E. Hodges, M.D. 
and James T. Bradbury, Sc.D.?* 


Iowa City, Iowa 


One of the problems of hazard evaluation of I'*! therapy when treating 
women before or during the child-bearing age is that of possible harm to the 
ovaries. Such sterility and genetic hazards have been discussed by Dr. Edith 
Quimby (1,2) and pertinent data in this connection may be found in references 
(3-16). There appears to be a general agreement that in the human, the Differ- 
ential Absorption Ratio (DAR) (I'*! content per gram relative to that of 1 ml 
of blood) for the ovary is not more than one. The dose to the ovary is then 
considered not to be higher than for internal organs in general. It has been 
found in mice and in other small animals that moderate-to-large doses of ['*! 
did injure the ovary. (17,18,19,23) The results of these experiments do not apply 
directly to the problem in the human because, on a weight basis, the doses were 
much higher than those being considered here. Also, in the human, the beta 
irradiation of the ovary is more restricted to that from the blood flowing through 
the gland, and the gamma contribution from I'*' in such organs as the liver 
and urinary bladder would be relatively lower than in a small animal. 

In spite of the lack of evidence of concentration of radioiodine in the human 
ovary, some physicians and lay persons have from time to time urged us to 
obtain more information on the subject. We have, therefore, done a few such 
studies on young women undergoing pelvic surgical procedures which pre- 
cluded further pregnancies.’ Four cases involved necessary termination of early 
pregnancy so we were able to do additional studies as well. 

Radioiodine (I'*') was given (from 3 to 72 hours) before surgery. At the 
time of the operation, the surgeon removed a small piece of tissue from the 
ovary, uterus, and rectus muscle. The activity of these tissues was compared 
with that of the blood taken at the same time. The results are shown in Table I. 
These show that although there was considerable individual variation, there 
was a rapid decrease in activity of the blood, and none of the tissues examined 
showed a concentration higher than that of the blood. There did not appear to 


*Supported in part by grants AT(11-1)291 from the Division of Biology and Medicine, 
U. S. Atomic Energy Commission. 

*From the Radiation Research Laboratory, Departments of Internal Medicine and Ob- 
stetrics and Gynecology, College of Medicine, State University of Iowa. 

*We wish to express our appreciation to Drs. W. C. Keettel, H.J.B. Manderson and others 
of the Obstetrics and Gynecology Department for their cooperation in providing the tissues. 
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be a change in DAR with time, so the results are in general agreement with 
present published findings. It indicates that measurements of blood activity from 
time to time would be a satisfactory indication of I'*' concentration in ovary, 
myometrium or rectus muscle. 

It is known (12,13) that the salivary glands and stomach mucosa may tem- 
porarily concentrate I'*! over that of the blood. It should also be kept in mind 
that the ovaries and other organs may receive gamma irradiation from large 
blood vessels and adjacent vascular organs as well as from urine in the bladder. 
In the present investigation there were two controlled and one uncontrolled 
variables. Four of the cases involved pregnancies that had to be terminated (F22, 
F23, F25, F26). The DAR values in these instances did not appear to be dif- 
ferent from the general trend. In some of the other cases, stable iodine in the 
form of Lugol’s solution was given before administration of the I'*! and again 
it did not appear to make a significant change in the DAR of the tissues under 
study (which did not include the thyroid). The uncontrollable factor was in- 
troduced by necessary variation in surgical procedures and several of the lower 
blood activities appeared to be related to larger blood loss and transfusion 
during the surgery. 

It is generally recognized that during therapy there are two phases of blood 
radioactivity. The first is due to I’*! in the inorganic phase and the second is 
related to the I'*! released from the thyroid to the blood in the organic form. 
We studied two patients who were treated with I'*' for hyperthyroidism by 
daily measurements of blood radioactivity. The results are shown in Table IL. 
These data were in agreement with findings of others in indicating a relatively 


high concentration in the blood for a few hours during the first day with a rapid 
loss in time. This was followed by a slight increase in radioactivity during the 
following few days with a slow decrease due primarily to physical decay. 


TABLE [| 


DAR (Differential Absorption Ratio) 
Hrs_ Activity in Blood Patient 
Hrs in muc/g/mc given Ovary Uterus Rectus Muscle Number 


3 150 0.93 .93 0.4 1** 
6 14 1. 59 0.21 7** 
14 10 48 0.05 10(*F23) 
15 77 .28 0.24 2** 
15 7 0.04 12 
16 13 25 — 13** 
17 5 93 0.48 11(*F25) 
20 3 0.05 6** 
21 10 0.37 14** 
24 50 0.23 3(*F 22) 
48 1 0.25 4* 
72 0.6 0.33 5* 


on 


=-mOodr& Oo © 


—) 


*Fetal I'*! uptake obtained also 
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The results shown in Table III are of interest in that it shows the tremendous 
DAR of the fetal thyroid. It also indicates that the DAR increases as the age 
of the fetus and development of the thyroid progresses. The DAR is also higher 
the longer the time after administration of the I'*!, and this is related to the loss 
of I'8! activity from the blood. 


In one instance (F27), I'*' labeled triiodothyroine (liothyronine) was given 
by mouth and 16 hours later a 17-week-old fetus was removed. The percentage 
activity in the thyroid was 0.0014 and the percentage per gram was 0.02. The 
myc/g/me was 160 and the DAR was 8.5. The apparent uptake of the T3 by 
the fetal thyroid was low as compared with the usual uptake of I'*'. The uptake 
of I'#1 as Nal in a fetal thyroid of about the same age was from 5 to 10 times that 
of the uptake of I'*! as triiodothyroine in this case. A part of this thyroid was in- 
cubated with I'*! as Nal for 30 minutes and it took up 0.27 per cent of the ['*! 
available in the medium. On the other hand, as compared to its own blood, the 
DAR of the fetal thyroid was 60 and, as compared to the 110 of the amniotic 
fluid. As compared with the fetal liver, the DAR of the thyroid was 24.' In the 
mother’s blood, all of the I'*! was TCA precipitable and 84 per cent was non- 
enchangeable (ioresin). In the amniotic fluid, 94 per cent was TCA precipitable, 
but only 6 per cent was non-exchangeable. 

One more case would be of interest in this connection.? This was a patient 
with marked hydramnoiois. A plasma volume determination was made using 


1Following up this finding, we have incubated mouse thyroids in I'* labeled triiodothyroine 
several times and the uptake percentage was as high, if not higher, than with I" as Nal. It 
was not bound very tightly, however, and although the activity did not wash out rapidly 
in saline, it did all come out in preserving fluids and we were unable to get autographs. 

*We are indebted to Dr. H.J.B. Manderson of the Dept. of Obstetrics and Gynecology for 
collaboration in this particular study. 


TABLE I] 


[31 in BLooD OF PATIENTS RECEIVING THERAPY FOR HYPERTHYROIDISM 
(MuC/mi/mc GIVEN) 





Time, days: 0.16 7 8 9 





Patient 8 an © : —_—_ —— 
Patient 9 79.5 1. : 0.9 0.76 0.46 





TABLE III 


[31 In THYROID OF FETUS 





Patient No. % in gland % per gram muc/g/me DAR 


10(F 23) .003 0.08 800 74.5 
3(F22) : 5.4 54,000 1,080.0 
11(F25) , 4.95 49,500 19 ,000.0 
(F26) 3.0 30,000 22 ,000.0 
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radioiodinated albumin. The mixing time was found to be very long and the 
plasma volume was very large. The patient was in such difficulty that some 
amniotic fluid had to be removed. Within a few hours labor started and twins 
were delivered prematurely. They expired immediately and as soon as the post- 
mortem examination was finished we were given one of the thyroids for study. 
Although the amniotic fluid did not contain a significant amount of I'*1, the 
fetal thyroid did contain a measurable amount (about 0.017% of the amount 
given to the mother). This would be about 0.06 per cent per gram or 600 
myc/g/me given. The DAR of this fetal thyroid, as compared to mother’s blood, 
was 0.7. The usual uptake (of glands of this size) is about 1 per cent and ion- 
exchange studies of the RISA used indicated that about 2 per cent of the I'*! was 
exchangeable. Therefore, the uptake in the fetal thyroid could represent uptake 
of the fraction of the dose that was in the nonprotein form. The I'*" washed out 
of the thyroid in the preserving fluid. A portion of the gland was incubated 
with Nal and the incorporated activity did not wash out in the preserving fluid. 
In fetal thyroids of this age when NaI'*! was given to the mother, the activity of 
the gland was not reduced by the preserving fluids. One then must consider 
that a loose binding like that which occurred with the T3 might have taken place 
with a certain fraction of the iodinated serum albumin compound or its break- 
down products. Related references of interest in this connection are listed 
below (20-29). 


SUMMARY AND CONCLUSIONS 


In addition to confirming the findings of others that the human ovary does 
not concentrate I'*! when given as Nal, the great concentration in the fetal 
thyroid over that of the blood DAR has been demonstrated. The DAR of the 
fetal thyroid increases from about 75 to as much as 22,000 as the fetus develops 
from the third to the sixth month of gestation. It has also been demonstrated in 
one instance that I'*! as T3 crossed the placenta and was concentrated loosely 
in the fetal thyroid with a DAR of about 8.5. 
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Cerebral Blood Flow During External Cardiac Massage” 


Henry R. Bourne, Henry N. Wagner, Jr., Masahiro Iio, 
James R. Jude and Guy G. Knickerbocker 


Baltimore 


External cardiac massage in treatment of cardiac arrest was proposed in 1960 
by Kouwenhoven, Jude, and Knickerbocker (1). Since then, many patients with 
cardiac arrest have recovered, without evidence of brain damage, after treat- 
ment by external cardiac massage. These empirical results have, until now, con- 
stituted the only evidence that this method is effective in supplying oxygenated 
blood to the central nervous system. The present experiments were designed to 
provide quantitative data on the degree of restoration of blood flow to the 
brain during cardiac arrest and external cardiac massage. 


METHODS 


1. Measurement of Cerebral Blood Flow 

The rate of clearance of a radioactive inert gas such as krypton or xenon 
from a region into which it has been injected is proportional to the blood flow to 
the region (2). This principle provided the basis for the present study. The 
radioactive gases, krypton*® and xenon'* dissolved in 0.3 ml of 0.9 per cent 
sodium chloride solution, were injected into the internal carotid artery of the 
dog. The time course of radioactivity in the brain was measured by a collimated 
3 inch crystal scintillation detector, placed beneath the superior surface of the 
animal’s head. The dogs were anesthetized with pentobarbital and lay in a 
supine position. A gamma-ray spectrometer was used, together with a ratemeter 
with a time constant of one second. 

The decrease in radioactivity following a single intraarterial injection of 
either Xe'** or Kr*° was a complex exponential but could be approximated by a 
single exponential function of time, described by the equation: 


*Supported in part by U.S.P.H.S. Grant No. HE-07682-01. 


*Departments of Medicine, Surgery and Radiology, The Johns Hopkins University School 
of Medicine, Baltimore, Maryland. 
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C = Co as 


where C, is the peak concentration (counts per minute) of the radioactivity 
after injection, and C is the concentration (counts per minute) at any time ¢ 
(minutes) after the peak is reached. The value, k, or fractional clearance, is 
described by the equation: 


k=F/Vnx (2) 


where F = blood flow (ml/min); V = the volume of brain being perfused (ml); 
and A is the partition coefficient of the gas between brain and blood. Since k is 
directly proportional to blood flow, it was used as an index of flow; in the present 
study V and \ remained constant during the period of measurement. The value, 
k, was obtained by measuring the half-time (t,) of clearance, defined as the 
time required for the count rate to fall to one half C,, and the relation: 


(3) 


2. Cannulation of Internal Carotid Artery 


The cerebral circulation of the dog is characterized by a massive network of 
anastomoses, the rete mirabile, between cerebral vessels and extracranial branches 
of the external carotid artery (3). During preliminary experiments the external 
carotid was ligated and the solution of radioactive gas was injected directly into 
the common carotid artery. As a result of retrograde flow through the rete 
mirabile, the temporalis and other muscles of the skull received as much radio- 
activity as the brain, and slow clearance rates were recorded. This problem was 
solved by inserting a small plastic catheter into the superior thyroidal artery 
against the direction of blood flow, threading it into the common carotid artery 
and then into the internal carotid artery (4). In this way blood flow and pressure 
in the external carotid artery were not greatly disturbed. The distribution of 
radioactive material injected by this route is shown in Fig. 1, where the dis- 
tribution of radioactivity, determined by radioisotope scanning, is superimposed 
on an x-ray film of the dog’s head. All of the radioactivity is within the brain. 
Injection of radio-opaque media by this route provided good x-ray visualization 
of the circle of Willis and its branches. 

3. Fibrillation and External Cardiac Massage 


The technique of external cardiac massage in dogs and human beings has 
been described by Kouwenhoven, Jude and Knickerbocker (5). In these ex- 
periments the dogs were massaged with vigorous manual pressure, at the rate 
of one compression per second, over the lower portion of the sternum. Ven- 
tricular fibrillation was induced by a four-second 110-volt AC shock across the 
chest. Defibrillation was achieved in all 14 cases by a 440-volt AC shock applied 
from base to apex of the heart. 

4, Experimental Procedure 


Each of six mongrel dogs, ranging in weight from 11.3 to 14.6 Kg, was 
anesthetized with pentobarbital (30 mg/kg) and placed in a supine position. 
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An endotracheal tube was inserted and connected to a motor-driven positive- 
pressure respirator, which remained in operation throughout the experiment. A 
cannula was inserted into a femoral artery and connected to a Statham Strain 
Gauge Pressure Transducer. Electrocardiographic leads were attached to the fore- 
legs. An internal carotid cannula was inserted as described above. Mean arterial 
pressure and electrocardiogram were recorded throughout each experiment. 

At the beginning of each experiment a minimum of three separate control 
measurements of cerebral blood flow were made with the dog’s heart in normal 
sinus rhythm. Thirty seconds after a fourth injection of the radioactive gas solu- 
tion, ventricular fibrillation was induced. After one minute of fibrillation, vigorous 
manual massage was begun, and continued for four minutes. Five and one half 
minutes after the injection and five minutes after the onset of fibrillation, the dog’s 
heart was defibrillated. In most dogs this entire procedure was carried out two or 
three times, with at least 30 minutes between fibrillations to allow for stabiliza- 
tion of arterial pressure. 


RESULTS 


A typical tracing depicting washout of Xe'** from a dog’s brain during 
external cardiac massage is shown in Fig. 2. For the first 30 seconds, during 


Fig. 1. Distribution of radioactivity in the brain of the dog following injection of radio- 
iodinated macroaggregated albumin according to the technique of cannulation of the 
internal carotid artery described. 
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normal sinus rhythm, radioactivity in the brain fell rapidly, but with the onset of 
fibrillation brain radioactivity remained constant as perfusion ceased. With the 
onset of external cardiac massage, the radioactivity began to decrease again. 
The degree of restoration of cerebral blood flow during external cardiac mas- 
sage (ECM) was determined by comparing the clearance rate constants (k) dur- 
ing the period of ECM with the values obtained during control determinations 
made at the same time after injection in the same dog. The average k for three 
to five control determinations in each dog was taken as 100 per cent. As shown 


TABLE [ 








Clearance Rate 
Experimental Constant (K) Per Cent of 
Condition Min Control 





Control (3) 0.601 100. 
ECM 0.354 58.9 





Control (3) 0.751 100. 
ECM 1 141 18.8 
‘2 151 20. 





Control (5) .626 100. 
ECM 1 . 208 33. 
ae . 268 42. 
a a . 189 30. 





Control (4) .644 
ECM 1 . 104 
oe .218 





Control (5) .654 
ECM 1 .177 
~ a0 
a .144 





Control (3) . 746 
ECM 1 Ae | 
pare 301 
o's eat 
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in Table 1, external cardiac massage produced a 16.1 to 58.9 per cent restora- 
tion of cerebral blood flow, with an average of 31.7 per cent in 14 determina- 
tions. Corresponding arterial perfusion pressures during massage averaged 32.2 
per cent (range: 7.6 to 58.8%) of control values. 

In Fig. 3, the fractional clearance, k, is graphed as a function of mean 
arterial pressure in 23 control determinations (normal sinus rhythm) and 14 
determinations during external cardiac massage and ventricular fibrillation, in 
the same six dogs. The same data are presented in Table II. A correlation co. 
efficient of 0.81 was calculated for the regression line shown in Fig. 3. 


DISCUSSION 


In these experiments in dogs, external cardiac massage restored cerebral 
blood flow (CBF) to approximately one third that provided by the normally 
beating heart. Increased perfusion pressure resulted in increased CBF, in ap- 


CEREBRAL Xe'®> CLEARANCE 
during 
VENTRICULAR FIBRILLATION (VF) and 


EXTERNAL CARDIAC MASSAGE (ECM) 











60Kr 
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0 | = caer ae 3 7 8 
TIME AFTER Xe!55 INJECTION (min ) 


Fig. 2. Time course of radioactivity in the brain of the dog during a typical study. At point 
VF, ventricular fibrillation was induced. At point ECM, external cardiac massage was 
begun. At point DF, defibrillation was accomplished by a second electric shock. 
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proximately linear fashion (Fig. 3). Such a direct linear relationship indicates 
that over a wide range of pressure in these anesthetized dogs, there was no 
significant increase in cerebral vascular resistance. This result is consistent 
with the results of Kety (6) (in human beings) and of Sagawa and Guyton (7) 
(in dogs), who reported that the cerebral vascular bed, unlike most of the sys- 
temic vasculature, does not respond to hypotension by vasoconstriction. On the 
contrary, Kety showed that cerebral vascular resistance (in man) actually de- 
creases in hypotension, possibly as a consequence of hypoxia or hypercapnia. 

In the present study we found no evidence of autoregulation of the type 
that preserves CBF (in man) remarkably constant at perfusion pressures greater 
than 50 mm Hg. In a review of 376 determinations of CBF in unanesthetized 
humans by seven different investigators, Lassen (8), found that CBF did not 


(K) 

min”! 

1.0r ® 

K= 4.88 x 1073P +0.055 


(r=0.81) 
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ra EC M Xe!33 
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CLEARANCE RATE CONSTANT OF Kr®5 OR Xe!35 








Fig. 3. Relationship between mean arterial pressure and fractional clearance (k) of Kr® 
and Xe™ from the dog’s brain. ECM refers to values obtained during cardiac 
arrest and external cardiac massage. 
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increase in hypertensive or decrease in hypotensive individuals in the range of 
50 to 170 mm Hg. Below 50 mm Hg, however, this regulatory mechanism did 
not function, since there was a precipitous drop in CBF. Different results, 
similar to those of the present study, were reported by Sagawa and Guyton (7), 
whose experiments in anesthetized dogs showed a linear relationship between 


TABLE I] 


MEAN ARTERIAL PRESSURE (MAP) AND CLEARANCE RATE CONSTANT (K) 














Control External Cardiac Massage 
Dog No. Gas MAP K MAP K 
mm Hg min mm Hg min 
1 Kr® 140 0.659 75 0.354 
140 .577 
140 . 568 
2 Kr® 145 .899 28 141 
130 332 20 151 
130 .823 
3 Kr® 115 659 20 208 
115 693 ch 268 
95 . 769 60 189 
85 By | 
100 .488 
4 Kr*® 165 .554 10 . 104 
140 .693 25 .218 
110 . 769 
110 .558 
5 Xels 105 484 30 Sea 
80 .419 45 .225 
75 .642 35 . 144 
80 1.03 
80 .693 
6 Xe" 145 . 796 50 231 
140 769 65 301 
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CBF and perfusion pressure at levels from zero to 160 mm Hg. While species 
differences might be important, of perhaps greater significance is the effect of 
anesthesia in depressing autoregulation of cerebral blood flow. 


SUMMARY AND CONCLUSIONS 


(1) Cerebral blood flow was measured in anesthetized dogs by determining the 


rate of clearance of radioactive inert gases (Kr*° and Xe'**) from the brain 
after injection into the internal carotid artery. 


) External cardiac massage during cardiac arrest restored cerebral blood flow 


to approximately one-third of that measured during normal cardiac action 
in the same animals. 


(3) In the anesthetized dog, over a pressure range from 15 to 150 mm Hg, 


=I 


cerebral blood flow increased in an approximately linear fashion as arterial 
pressure increased. 
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Development of a Single Tracer Injection Method 
for C Glucose Kinetic Studies in Humans 


Edward Manougian! 
Berkeley, California 


In 1954 N. Baker et al (1) proposed a model for the kinetics of glucose 
metabolism in humans after the injection of a single tracer dose of glucose, the 
sites of experimental measurement being the blood and the expired breath. Some 
data was presented to support the plausibility of their model and to set forth 
temporary values of the various parameters for normal individuals. Subsequently 
W. Shreeve et al (2) modified these normal values and extended the results to 
include persons with diabetes mellitus. B. Tolbert et al (3) in 1956 improved the 
experimental method of Baker et al so that continuous monitoring of the expired 
CO, and C'O, became possible. M. Pollycove (4) then applied Tolbert’s in- 
strumentation and Baker’s theory to study the effects of insulin, tolbutamide, and 
phenethylbiguanide on normal individuals. 

Concomitant with this study of the effects of hypoglycemic agents on normal 
subjects an investigation of glucose kinetics was initiated in this laboratory on pa- 
tients with diabetes mellitus and on patients with acromegaly. Most of these pa- 
tients subsequently received heavy particle irradiation to their pituitary gland for 
the treatment of their acromegaly or their diabetic retinopathy. Several of these 
patients had a repeat glucose kinetic study performed some time after such 
therapy. It is the purpose of this paper to elucidate and to amplify the theory of 
Baker et al. A subsequent communication will present the results of these studies. 


THEORY 


The theory is that of Baker et al (1). Essentially, a steady state two compart- 
mental model with unidirectional flow is assumed (Fig. 1). If the glucose pool 
(or compartment) is defined operationally to be that glucose of the body which 
dilutes the injected C' glucose (5) and if the bicarbonate pool is defined simi- 
larly, then the assumptions are (1,6): (A-1) The tracer dose of glucose C' in- 
jected intravenously mixes with a homogenous nonlabeled glucose pool without 
affecting glucose metabolism. (A-2) The amount of glucose in the glucose pool 
remains constant. That is, labeled glucose molecules in the glucose pool are re- 
placed in time by nonlabeled glucose molecules at a rate which maintains a con- 
stant concentration of glucose in the glucose pool. 


*Donner Laboratory, University of California, Berkeley, California. 


746 

















c!4 GLUCOSE KINETIC STUDIES IN HUMANS 747 


(A-3) The rate at which glucose or CO, carbon leaves either the glucose or 
bicarbonate pool (and hence enters either pool) is proportional to the amount of 
carbon present in that pool. 

(A-4) Some glucose is oxidized “rapidly” and irreversibly to CO, by some path- 
way(s) which will be called “the immediate oxidative pathway.” 

(A-5) The newly formed CO, mixes rapidly with the body bicarbonate pool and 
this CO, is produced at a rate which is constant and equal to that of its loss via 
the lungs. 

(A-6) The “volumes” of these two pools remain constant. 

(A-7) The theoretical CO, specific activity curve (which will be derived shortly ) 
reaches its maximum point at the same time as does the experimental CO, spe- 
cific activity curve for expired breath. 

These assumptions have been incorporated into Fig. 1. Assumption (A-2) 
implies that there is no feedback of labeled glucose into the glucose pool during 
the time interval of the experiment once it has left this pool. It will be seen that 
under the experimental conditions of this study a single exponential decay curve 
for glucose pool specific activity is obtained in the time period under observation, 
provided a short period of time is allowed for mixing, thus supporting the plaus- 
ibility of assumption (A-2). 

In assumption (A-4), “rapidly” means rapid in relation to other pathways 
whereby C" originally in glucose appears as C'* in CO,. The pathways which 
bring about this rapid oxidation of glucose to CO, are combined under one title 
and called “the immediate oxidative pathway.” Whether this “pathway” is the 
hexose-monophosphate shunt or the Embden-Meyerhof-Tricarboxylic acid path- 
way or a summation of these or other pathways is not of importance in the theory. 

The work of Wrenshall and Hetenyi suggests that assumption (A-6) is a 
fair approximation to reality (7). Assumption (A-7) is partially justified by 
Baker et al (1). 
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Fig. 1. The Baker et al model for glucose C“ kinetics. (A) represents the various pools and 
their interrelationships. (B) represents the equations for the specific activity in the 
corresponding pools obained in the theory of Baker e¢ al. 
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Certain definitions are now needed to proceed with the mathematical ex- 
pression of the model. These definitions differ slightly from Baker's in that here 
pe per gram of carbon (either in glucose or CO,) is used for expressing specific 
activity whereas Baker et al (1) use per cent of injected activity per milligram of 
either glucose carbon or CO, carbon. Let 
(D-1) a(t) = ye of C in the glucose pool at any time t = 0. Then a(0) = a, i: 
taken to be the dose of C™ injected as C™ glucose. (D-2) B(t) = ue of C™ in the 
bicarbonate pool at any time t 2 0. (D-3) a(t) = we per gram of C in the glucose 
pool at any time t = 0. This will be used to denote both the theoretical anc 
experimental specific activities in the glucose pool since the theory is thoughi 
to closely approximate the experimental results. a (0) = ao, 

(D-4) b(t) = ue per gram of C in the bicarbonate pool at any time t 2 0 under 
the assumption that all of the COs in the bicarbonate pool is derived from glu- 
cose. This will be referred to as the ‘theoretical specific activity’’ in the bi- 
carbonate pool as distinct from the experimental specific activity, E%, , in that 
pool. The reason for this distinction will become apparent later. 

(D-5) A= grams of glucose carbon in the glucose pool. 

(D-6) B = grams of CO: carbon in the bicarbonate pool. 

(D-7) E = grams of CO: carbon excreted per minute in the breath. 

(D-8) \1 = fraction of the glucose pool which turns over each minute. 

(D-9) \2= fraction of the bicarbonate pool which turns over each minute. 
(D-10) t denotes time in minutes measured from the time of injection of C" 
glucose. 

(D-11) tmax = time at which COs specific activity reaches its maximum value. 
(This will sometimes be denoted t ».) 

(D-12) t, = half-life of the specific activity in the glucose pool. 

(D-13) Ex + S= grams of glucose carbon removed from the glucose pool per 
minute by paths other than the immediate oxidative route. 

(D-14) Ey = rate at which carbon enters and leaves the glucose pool in grams 
per minute. 


As immediate consequences of the foregoing definitions we have: 





(E-1) a(t) = att) , by (D-1), (D-3), and (D-5). 
(E-2) b(t) = ae by (D-2), (D-4), and (D-6). 
(E-3) A= a , by (D-5), (D-8), (D-1), (D-4). 
(E-4) he = Es by (D-6), (D-7), (D-9.) 

(E-5) Er = E + E, + Sby (D-7), (D-13), (D-14). 


Clearly all of these are non-negative quantities. 
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The equation for the specific activity in the glucose pool is derived as follows: 
yy assumption (A-3), at any time t, the rate of disappearance of radioactivity 
rom the glucose pool is proportional to the radioactivity present in that pool. 
‘hus 
. da(t 
E-6) ttt = —h, a(t), 4: > 0, a(t) > 0, 
vhere \; denotes the constant of proportionality and the minus sign indicates 
hat the radioactivity decreases with time. 


da(t) _ 
lence, ro lla Ai dt 
o that integration over the interval [0, t] yields [in a(t)Jo = —Att. 
—— | eee 
Thus, in a Ait, and 


(BY se ~ ee” 


By (E-1) it follows that 
(E-8) a(t) =  .. aa 
A 

This is expected to represent the actual specific activity in the glucose pool 
at any time t 2 7, where 7 is the ‘‘mixing time’’ and where assumptions (A-1), 
(A-2), (A-3), and (A-6) hold. 

The analysis for the bicarbonate pool differs from that for the glucose pool 
in that the objective of the analysis is not to establish what actually happens in 
the bicarbonate pool but rather what would happen if all the CO: of this pool 
were to come from glucose. Then the experimentally obtained COs: specific 
activity can be compared with this theoretical CO: specific activity to obtain 
the fraction of CO» derived from glucose. That is, if the situation for the bicarbo- 
nate pool were as depicted in Fig. 2 where k is the fraction of CO: derived from 
glucose, then the specific activity in the bicarbonate pool would actually be 
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Fig. 2. (A) Theoretical Situation: All of the CO, is assumed to come from glucose. 
(B) Actual Situation: Only a fraction k of the CO, comes from glucose. 
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kb(t), rather than b(t). Thus it is clear that if we want to determine k we need 
kb(t) 
b(t) 
the theoretical specific activity. (This will be clarified later.) This, in essence, 
is the purpose for the following analysis. Hence, to derive the theoretical expres- 
sion for b(t) the following additional assumption is made: 

(A-8) All of the CO: in the bicarbonate pool comes from glucose. 


only take the ratio i.e., the ratio of the experimental specific activity over 


By assumptions (A-3) and (A-8) the rate at which radioactivity enters the 
bicarbonate pool from the glucose pool is proportional to the amount of radio- 


activity present in the glucose pool. Thus, 2 a uc of C™ enters the bicarbonate 


pool from the glucose pool each minute. Likewise, 5B uc of C' leaves the bi- 


carbonate pool each minute via the breath. Thus the total rate of change in the 
amount of radioactivity in the bicarbonate pool is 


19) dt)_E 4)_E 
Let k = 1X = E-4)) so the 
etki = 4 and A2 = B (see (E-4)) so that 
(E-10) “ = kia aa A2f. 


Equation (E-10) can be solved by the method of variation of parameters as 


follows: consider the homogeneous equation “ + 6 = 0, and assume A(t) = 
( 


. Xo, Allowing C to vary with t, this assumed solution may be differentiated 
e 


C 
using the rule for differentiation of products of funetions 
dg _ dC _dst = 
(E-11) ee A2Ce 
_ dC st 
= dt e 2B. 


Comparing this with equation (E-10) shows that 


__ Se? ee 
“a ® = kia. 


Thetis AC mh & 


so that by integrating over the interval [0, t] yields 
t 
C(t) — C(0) = K[ ae™*” dr. 
/ 0 


Substituting a(7r) = age” gives 
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MT MT) de + C(0) 


II 
Lad 
= 

g 
=) 
@ 


E-12) C(t) 
‘ r AT 
= eo eo " dr + C0). 
0 


t 
lence, B(t) = (cas | es — OT dp + c)) —_ 
0 


‘ince at t = 0 the bicarbonate pool contains no C", it all being in the glucose 


ool, B(0) = 0. Thus 
0= C(0) 


o that 


t 
E-13) B(t) = (cats f oo — yet ar) et 


[wo cases must be considered, namely \; = A2 and A; ¥ do. 
If A; = Ae then 
B(t) = ok: te" 
If A: ¥ Ae then 


n= (ue ED) 


Hence 
= as ’ if Ai => de 
(E-14) B(t) = 
_.. gn" - ey , if Ar # Ae 
1 


By the definition of k; and consequences (E-1), (E-2), and (E-4) it follows 
that, for the case \; = Ae, b(t) is given by 








_B(t)_ a E ,-.t_ - 
b(t) = B ad! “Gh tae = aodz te 
and in the case \; ¥ 2 
t ok, At = : 
_a-A.E/A ( rt a gt 
~ Bre — 1) 
—e deo ( a oe et 


Ne — A 
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so that the complete solution for b(t) is 


(°° he tem , for Ai = Az (C-1) 
(E-15) b(t) = 

Ae 
Ae — A 


oat ee F 


(e —e *),fordA: ¥ dz (C-2) 





ao 


To simplify the notation and to show the dependence of b on \, and az, 
write equation (E-15) as follows; 


(bi Qs, t) , for A: = Az 
(E-16) b(Ai, Az, t) = ) 
be(Au, da, t) ; for Ai Fo de 

By L’H6pital’s rule, for each fixed 2 and t 


lim —_be(Ay, As, t) = bilrg, t) 
AimAz 


so that b(t) is continuous at A; = de. 


A test to determine whether \; = 2 or \; ¥ do, i.e., whether case (C-1) or 
(C-2) holds, can be made using assumption (A-7). By this assumption, the time, 
tmax, required for b(t) to reach its maximum value can be obtained from the 
experimental data for the bicarbonate pool (see (D-11) ). Likewise \; can be 
obtained directly from the experimental data for the glucose pool. Hence the 
following lemma can be used to determine whether or not \; = de. 

(E-17) Lemma: 1 = 22 if and only if t max = :& 


1 


Proof: tmax is the time t such that b’(t) = 0. Letting primes denote deriva- 
tives with respect to t, (E-15) yields: 


| (>i Ce ee | eee for hi = As 
(E-18) KA) = 


, Ne ‘a Se A 
be (t) a ae = dy (Axe rat — re xt ’ for hi #~ Ao 
cS me 


Suppose A; = Az. Then to find tmax the equation 0 = b; (t) = ade "(1 — dot) 
must be solved for t. This yields tmax = : or a 
i 2 A 


Suppose A: ¥ Az. It must be shown that in this case tmax ¥ . . Since Ai #2, 


1 
tmax is the solution of 


, rz Jgot ee 
0 = be (t) = Be ot (Aze Ms — de s ). 
Ae — Ad 
1 . Ae ; ? 1 
Thus, tmax = ———— in —. Now it must be demonstrated that — cannot equal 
Ae — A Ai An 
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3s ‘ re 1 
- x, in “a - To show this, one may argue by contradiction, i.e., show that — = 
Ng. 1 1 1 
— in *s implies that 4:1 = 2 and thus obtain a contradiction to the suppo- 
a 1 1 


ition that A: ¥ de. 








1 oe 1 . de Ie — Mt = . do Ae fay = . Ae 
If gat Sq in " , then — = in es , Or, 7 1 = in 7 
etx = ee . Then this equation is equivalent to x — in x = 1. But x = 1 isthe 
1 


nique solution to this equation, because: 


(1).x= 1 clearly is a solution (1— ini = 1— 0= 1) 
(2) all values of x — in x are greater than 1 for values of x ¥ 1. 


lo see this let g(x) = x — in x. Then 0= g’(x) = 1 — 1 implies x = 1. So g has 
x 


an extremum at x = 1. To see that this extremum is a minimum we note that 
g(x) = a > 0. Hence »2 = 1 so that he = Ai contradicting the supposition that 
he ~ A. i 

This result is important in the calculation of \2 from the data and will be 
expanded later. 


Equation (E-18) represents the specific activity of the bicarbonate pool under 
the proviso that all of the COs» in the bicarbonate pool originates from glucose. 
To further clarify the use of this expression for b(t), suppose that only kE grams 
of glucose carbon enter the bicarbonate pool each minute, k being the fraction 
of CO, carbon which originates from glucose,0 < k < 1. Then, by theory, the 
specific activity in the bicarbonate pool should be 


(E-19) p(t) = kb(t) 


since, in the derivation of b(t), E appeared in the numerator. k here need not be 
constant. The following example will show that the assumption of ‘‘steady 
stateness”’ for the glucose and bicarbonate pools does not imply that k is constant. 
Consider the situation in Fig. 3 where Ey, E, Ea and S are positive constants. 
Steady-stateness of the glucose and bicarbonate pools implies that 





(E-20) E;,= kE+ 7r(Ea+t S). 
Solving for 7, 
_ Er — kE 
"Eat § 


From this it can be seen that if k depends on time, then for each t = 0, 7 can be 
chosen to be 
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Thus, at any time t, the inflow rate Ey and the outflow rate k(t)E+ 7(t) (Ea+ S) 
for the glucose pool are equal (by (E-20) ) and constant as are the inflow rate 
k(t)E + (1 — k(t) )E and the outflow rate E for the bicarbonate pool. Hence, 
steady state conditions hold for both the glucose and the bicarbonate pools but 
k is not constant. It should be noted, too, that the nonglucose precursors of CO, 
need not be in a steady state; this, however, has no bearing on the present analysis 


The supposition that only kE grams of glucose carbon enter the bicarbonate 
pool per minute is not in reality a “‘supposition.” It is well known that the carbon 
of CO, in the bicarbonate pool can originate from nonglucose precursors (8). 


Notice should be made, too, that during the experimental procedure, the 
specific activity of CO: is not measured in the bicarbonate pool but in the breath. 
Heuristically one would expect that in time both of these would have nearly the 
same specific activity since homogeneous mixing seems plausible and since C“O, 
and CO, behave quantitatively approximately the same in physiologic processes. 
Nonetheless, there is a lag period before these two sites of CO» develop nearly 
the same specific activity (9). 


With these words of caution, the gap between the experimentally observed 
specific activity in the breath, denoted —&4 ,and the modified theoretical spe- 
cific activity of the bicarbonate pool, p, is hurdled. That is, p is taken to be equal 
to E84 so that for each t 2 0 


_ p(t) _ Eco, (t) 
~ b(t) b(t) 


In calculating the data, k is determined at t max thus allowing time for mixing 
and for diminution in the error due to lag. 


(E-21) k(t) 


Ey 
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|GLUCOSE POOL| SOURCES OF CO, 


T (tH (E, + o/ \e on (1—k(t)) E 
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Fig. 3. An example to show k need not be constant. 
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Calculation of b(t) requires knowledge of ao, \1, and A». The experimental 
ita for the glucose pool readily provides ap and )j. ao is the intercept on the 
ecific activity axis of the straight line fit to the points obtained by plotting 
perimental glucose pool specific activity versus time, for t 2 15, on semilo- 
irithmic paper. \; is the slope of this line. To determine )2, the following results 
ay be used. 


: : dais ot 
emma I: ), must satisfy the equation dé im = Nem, 


‘roof: If \y = A2then clearly Meo tm = ea Se, If \1 ¥ Xe, then be holds in (E-16), 


id since at tm, be (tu) = 0, the lemma follows from (E-18) and the fact that ao ¥ 0 
nd de F 0. 


Vorollary 1: \, must satisfy Cétm —) = OwhereC = deo tm 


Proof: Immediate from lemma 1. 


Definition - Let y be the function defined on [0, »] by g(A) = Certm — ) where 
C = \e~'™, (See Fig. 4(a).) 
Lemma 2: If (Xo) is the minimum value of ¢, that is, ¢(A) = ¢(Ao), for all de [0, ©), 


then, g(Ao) = 0 implies Ax = Ay, and, g(Ao) < 0 implies tnat there exists a unique 
ho ¥ Ay such that g(As) = 0. 


Proof: The properties of g which make this lemma possible are: 


(P-1) lim g(A) = C > 0. This is clear since ¢ is a continuous function of X. 
1-0 


(P-2) lim g(A) = ~ > 0. 


—s--) 


(P-3) gy has a unique minimum. To see this, the rules of differential calculus 
for finding extrema require that 


(E-22) fa cobauce™n—s 


be satisfied by any \ for which ¢g(A) is an extremal. (E-22) has the unique solution 
Ao, given by 


the uniqueness being a result of the constancy of t and C. That g(do) is a mini- 
mum follows from 


oe) = tetCe*a > 0. 


These properties of ¢ are incorporated into Fig. 4(b). 


From these properties it follows that g can have at most two zeros, and the 
condition which must hold for g to have two zeros is g(Ao) < 0. Since \; is always 
one of these zeros (as is clear from the nature of C), it follows that when g(Xo) < 0, 
there exists a unique 2 ¥ Xx, such that g(A2) = 0, When ¢(Ao) = 0, there is only 
one solution, this being A; = Ap. 
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1 pas Aitm + in Aitm 
tm 





Lemma 3: 9(\o) = 





(a) 














(b) 


@ | gry=¢,00)-4,0) = 


Ce “fer _) 
ee 
| N 


Fig. 4. (a) Graphs of ¢,(\) = \ and ¢,(A) = Cedtm. 














(b) Graph of ¢(\) = Cedtm—d iltustrating the case ¢(\,) < O where (X,,¢(A,)) is 
the minimum point of ¢. In this case there are two points where ¢ takes on the 
value O. 
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At 
’r00f: o(do) = Ce ea do (by definition 1) 
2) ae a 
= Ce\tn ” Ctn/ + tm — ing (by (E-25)) 
us 1+ in Cth 
tn 





_ 14 in ie) tel 


m 


(by definition 1) 


_ 1 = Atm + in Atm Q.E.D 
= ED. 





Lemma 4: (a) If \itm= 1, then g(Ao) = 0 
(b) If Atm ¥ 1, then g(Ao) < 0 


Proof: (a) follows immediately from lemmas 3 and 2. 


This result was expressed earlier as part of (E-17). 
(b) follows from noticing that the function 
W(x) = 1-—x+inx,x 20 


has a unique extremum, it being a maximum, at x= 1. To see this, observe that 


0=""(x) =—1+ = has a unique solution, it being x = 1, and that'(1) = 0. 
Thus, since ¥’’"(1) = — a < 0, it follows that for all x ¥ 1,(x) < 0. Since 
x? |x= 


g(x) = L(x), the lemma follows. 

To determine 2, then, one should first calculate Aitm. If Aitm = 1 then 
he = Ay by (E-17) and also by lemma 2. If \itm ¥ 1 then, by lemma 4, g(Ao) < 0, 
and, by lemma 2, the existence of a unique dz ¥ Aj, is assured. Since in this 
case \2 ¥ dy, and since d; is known, the unknown }z can be calculated from 
hie tm = Xe tm by successive approximations carried out by substituting 


various values of \ in this equation until )e*tm approximates ),e~" tm as closely 
as desired. 


METHOD 


The experimental technique and instrumentation are described in detail 
in the articles of Tolbert e¢ al (3) and Pollycove (4). For purposes of measuring 
the glucose pool specific activity, a polyethylene catheter is inserted into a fore- 
arm vein and serial blood samples of 5 to 10 ml withdrawn in heparinized syringes 
starting before and continuing after a single rapid intravenous injection of ap- 
proximately 10-15 yc of universally labeled C' glucose! in the opposite arm. 
These samples are collected at 15 minute intervals from the first hour and at 60 
minute intervals thereafter until a maximum point is discernible on the CO: 





*Nuclear-Chicago Corporation. 
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specific activity curve produced by the recorder. This usually requires 3-5 hours. 
The blood samples are analyzed for glucose and glucose radioactivity using a 
glucose oxidase method of glucose determination? (on protein free filtrate ob- 
tained by the method of Somogyi (10) ) and the method of Searle and Chaikofi 
(11) respectively. 


The breath is analyzed for CO. and COs radioactivity every 12 seconds 
using an infrared CO: gas analyzer and a 21 liter ionization chamber having a 
vibrating reed electrometer, a 95 per cent theoretical efficiency, and a calibration 
constant of 1.40 uc of C™ per 10-" amperes. 


The patient’s head is enclosed in a plastic helmet and the expired air passed 
through these instruments. A recorder produces tracings of the radioactivity 
and the COs» content of the expired breath as well as the ratio between these 
two quantities. During the course of the procedure, the patients sit in a reclining 
chair and are permitted to drink black coffee, to converse, and to remove the 
helmet for a few minutes. 


CALCULATIONS 


The theory presented earlier was synthesized to allow the calculation of 
certain quantities from data obtained through the application of the foregoing 
method. An orderly approach to these calculations is as follows: 

(Q-1) Recall that a(0) = ap is the injected dose of C™ glucose in uc. (See (D-1). ) 
(Q-2) Plot a(t) versus time on semilogarithmic paper (see (D-3) Extrapolate 
to t = 0 and obtain ap. This is wc/gm C in the glucose pool. In order to 
get uc/gm glucose divide ap by 2.5 (because, for each gm of carbon in glucose 


there are 2.5 gm of glucose) and define Ay = rs this then is wc/gm glucose in the 
glucose pool. In Fig. 5, a(t) has been plotted instead of a(t), a(t) being a(t) 
adjusted to an initial injected dose of 10 yc, i.e., a(t) = 10 a(t). (Q-3) t, is readily 
obtained from plot (Q-2) in that it is the time required rm ay to drop to $ao. 

(Q-4) The glucose pool in grams, denoted by Pg, is obtained from Pg = iv Let 


0 


W represent body weight in kilograms. Then the glucose pool in grams per kilo- 
gram, denoted Pp, is Py’ = AW Note that A (see (D-5) ) is given by A= Po. 
(Q-5) Xi, the fractional turnover rate for the glucose pool (see (D-8) ), is the slope 
of the line plotted in (Q-2). It can also be obtained from t, by using \; = —— 
which is obtained from a(t) = wa" by taking logarithms and substituting }ao 
for a(t) and t, for t. 


(Q-6) To obtain the glucose turnover rate in gm/kg/h, denoted Tg, use 


*Glucostat, Worthington Biochemical Corp., Trechold, N.J. 
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Tao =): - Po. 0 


(Q-7) The “‘glucose volume”’ in liters, denoted Va, and in liters per kg of body 
weight, denoted V”, and in per cent body weight, denoted yj may be obtained 
is follows. Since Vg is defined to be the volume, in liters, which contains the Pg 


grams of glucose, ve = Bg . 107 where Bg is the fasting blood glucose and the 
G 


factor 1072 enters in the conversion of mg/100 ml to gm/liter. Thus, Vg = Pa 10 
G 





K 4 
™ 
“a 
ob ON , 
— a, Blood specific activity ad 
— = 
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Specific activity (u C/g carbon/10 %C injected) 
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Fig. 5. Example of graphs of the data for a(t), the blood glucose specific activity in «c/gmC 
adjusted to an injected dose of 10uc, for ESA (t) the experimental specific activity 
CO, 


of the expired breath in uc/gmC, and for B, (t), the blood sugar in mg %. 
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2 
liters and V¥ = Pa 10” 
B 


Wi liters/kg. If it is assumed that one liter is equivalent 

G 

to one kilogram, then V” is the fraction of body weight devoted to glucose and 

V~ . 100 per cent is the per cent of body weight comprising the glucose pool. 
Pg - 10° 


Thus Vg = Bo. W per cent body weight. 


(Q-8) 2 is obtained as described earlier. 


(Q-9) The mean mg of CO: expired per minute, denoted (alCOH) was obtained by 


integrating the CO. experimental curve with the assistance of a mechanical 

integrator. This‘‘mean’”’ is an average over time. Note that this quantity is almost 

E (see (D-7) ), the difference being essentially in units. E is in terms of gm C/min 

and mol) is in terms of mg CO2/min. 
t 


(Q-10) tmax (see (D-11) ) is read off the experimental CO: specific activity curve 
t max being the time at which this curve reaches its maximum value. 


(Q-11) The experimental CO: specific activity, denoted —,%3, is obtained at 


02) 
t max directly by reading it off the experimental COz specific activity curve at this 
point. 


(Q-12) Since dj, 2, and t max are known, from (E-15), 


( bs (tinax) ’ for Ai = do 
b(tmax) = ) 

\ be (tmax) ’ for \1 # de 
can be calculated. 


(Q-13) The %COz derived from glucose, denoted «CO is obtained by (E-21) 


Eto, fue) 


B(Ccex) 
(Q-14) The mg of glucose oxidized to CO» per minute, denoted Goo,, is 


COS (t) = 180, 
100 ° \ dt / ° 6-44 


%COS (tinax) = . 100 





Gco,(t) = 
because: 
(fraction of CO: derived from glucose) . (mg CO2/min) = (mg CO: derived from 
glucose/min) and one mg of COz is equivalent to ae mg of glucose as can be 


seen from 


602 oP C.H120¢ o> 6CO, 4 6H:0 
180 mg 6.44 mg 


G 
Since the fraction of CO» derived from glucose is OO, the desired equation 


follows. 
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In terms of gm/kg/h, denoted GQp,, this is 


Gco, (t) 
W 
Notice that Goo, is again almost E, the difference once more being essentially 


in the units. 
(Q-15) The CO: turnover in gm/h per kg of body weight, denoted by Tog, is 


(i 
dt 
W 


(Q-16) The COz pool size in gm/kg, denoted by Pgo, is 


Geo, (t) = 60 . 10° 


Tco, = ee. 2” gm/kg/h 


Too, 1 


hb ~~=—s«660 


Poo, = 


because: 
(fraction of pool which turns over/min) . (pool size) = (total turnover/min) 
implying that 


dz - (pool size) = Toco, - 


AA 
60 


that is 
Too, 1 
db  @ 


These then, are the various parameters measured or calculated. 


(pool size) = 


DISCUSSION 


Three methods of glucose kinetic studies using universally labeled C** 
glucose are presently in vogue. One method, originating with Baker et al was 
described in this article. Another method, due to Steel et al (5,9) consists of 
simultaneously injecting a priming dose of C' glucose and starting a continuous 
IV infusion of this tracer. The objective here is to maintain a constant blood 
glucose specific activity in order to simplify the determination of the asymptotic 
value of this specific activity. But even if this specific activity is not maintained 
at a constant value, fairly good results can be obtained by an approximation 
method outlined by Steele et al. This method also allows a determination of the 
fraction of CO, derived from glucose but again an asymptote is needed, this time 
of the ratio of the blood glucose specific activity to the specific activity of the 
expired breath. 

The third method is that of Wrenshall and Hetenyi (7). It consists of giv- 
ing successive intravenous injectiors of C'* glucose and determining the glucose 
volume after each injection by means of an isotope dilution equation. This 
method was originated to study the changes induced in glucose volume by modi- 
fications in the physiological state of the organism under study. Also, rates of 
glucose appearance and disappearance from the blood can be calculated. How- 
ever, this method has not been used to answer questions regarding conversion 
of glucose to CO,,. 
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Each of these methods has its limitations, which have been discussed by 
their own authors. Baker’s method has the following in its favor: 

(1) Itis relatively simple to perform. 

(2) The equations involved are simple and fit the data sufficiently well 
to give consistent results. 

(3) It provides a means for analyzing data regarding conversion of glucose 
to CO,. 

(4) All three methods give quite comparable results in the dog. 


SUMMARY 


The model for the study of glucose kinetics originated by Baker et al has 
been expanded and refined both in its theory and in its realization. The present 
paper is concerned with the refinements in theory. A subsequent report will pre- 
sent the data obtained when this method was applied to the study of normal 
individuals as well as patients with acromegaly or diabetes mellitus. 
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In the past few years several methods have been introduced for the study 
of the kinetics of C' glucose in humans or laboratory animals. Among these 
methods, the most popular ones presently appear to be the priming dose-con- 
tinuous infusion (1), the successive tracer injection (2), and the single tracer 
injection methods (3). The priming dose-continuous infusion method consists 
of giving an initial dose of C™ glucose and simultaneously starting a constant 
continuous infusion of this tracer. It provides a means of calculating various 
parameters for both the glucose compartment and the bicarbonate compartment, 
but the determination of an asymptote required for some of these calculations 
sometimes presents a difficulty. The successive tracer injection method is per- 
formed by giving injections of C' glucose at various times, the time of each in- 
jection depending on the preceding events. This method was devised to study 
the characteristics of the glucose compartment. It has not been extended to 
include the bicarbonate compartment. The simplest method which allows the 
calculation of parameters for both the glucose and bicarbonate compartments is 
the single tracer injection method. It, however, relies on the steady-stateness 
of these two compartments, a situation not always attained in patients with 
abnormalities in carbohydrate metabolism. These methods along with the cau- 
tions required in their use are discussed by their respective authors. 

The method used in the present study is a modification of the single tracer 
injection method introduced by Baker et a/ in 1954 (3). The technique which 
they used required the periodic collection of COz via a face mask whereas the 
newer version, developed by Tolbert et al (4,5) allows ‘‘continuous’”’ monitoring 
of expired CO. and COs. The theoretical model as presented by Baker et al 
had some minor gaps which were recently bridged (6). Further support of this 
model, when properly applied, will be presented in this article. 

The present report, however, is concerned primarily with the results obtained 
when this method was applied to normal subjects (Table I), patients with either 
adult or juvenile type diabetes mellitus (Table II), and patients with active 
acromegaly (Table IV). The characteristic differences in glucose kinetics in the 
diabetics and in the acromegalics as compared to the normals will be indicated. 
Similarities between these groups will also be noted. It will be seen that the 
abnormalities in glucose kinetics which frequently accompany acromegaly are 


*Donner Laboratory, University of California, Berkeley. 
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similar to those seen in diabetes mellitus but usually with a lesser degree of 
deviation from normal. 

Preliminary results of glucose kinetic studies on patients after the admini- 
stration of suppressive doses of heavy particle irradiation to their pituitary 
glands will also be presented. At the time of pituitary irradiation, these patients 
had either diabetes mellitus with retinopathy (Table III) or active acromegaly 
(Table V). It will be seen that the diabetic state which sometimes accompanies 
acromegaly can be reversed with heavy particle irradiation to the pituitary. The 
effects on adult-type diabetes are yet unclear. It appears, however, that the 
diabetic state is not improved in this disorder. 

Included in this report is a study performed on a patient with Cushing’s 
syndrome due to an adrenal carcinoma. Interestingly, this patient had a normal 
glucose kinetic study in spite of a markedly elevated excretion rate of urinary 
adrenocortical steroids. 

THEORY AND METHOD 


The method, in brief, consisted of giving a single tracer dose (10-15 uc) of 
universally labeled C' glucose! intravenously and subsequently following the 
blood glucose specific activity, blood glucose concentration, expired COs, and ex- 
pired CO, radioactivity for three to six hours (6). These studies were performed 
either after an overnight fast or, as in the case of some diabetics, immediately 
after breakfast preceded by a dose of insulin or an oral hypoglycemic agent. The 
diet of the acromegalic subjects contained more than 200 gm of carbohydrate. 
The diabetic subjects, however, were on individual diets as given in Table VII. 
The use of heavy particle pituitary irradiation in the treatment of diabetic 
retinopathy and acromegaly has been reported previously (7,8,9). 

The theory is that of Baker et al (3,6). It is based on a unidirectional two 
compartmental (glucose compartment and bicarbonate compartment) steady- 
state model, in which glucose is oxidized to CO: by an “immediate oxidative 
pathway’’. The equations describing this model are: 


a (t) = a oe i 
‘ao Aeste * for A: = As 
b (t) = 


ao gest nay , for \1 ¥ deo 


ho 
Ae _— Ai 


where A; = de if and only if timax = ~, and where the quantities in these equations 


1 
are defined to be: 
a (t) = uc/g C in the glucose compartment at any time t > 0, (ao = a (0) ). 
b (t) = uc/g C in the bicarbonate compartment at any time t > 0. 
\1 = fraction of the glucose compartment which turns over each minute. 
Ae = fraction of the bicarbonate compartment which turns over each minute. 
t = time in minutes. t = 0 is the time of injection of C™ glucose. 
tmax = time when the specific activity of the bicarbonate compartment (or 
breath) reaches its maximum value. 


*Obtained from Nuclear-Chicago Corporation. 
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a (t) is assumed to describe the actual situation in the glucose compartment. 
b (t) is the theoretical specific activity of the bicarbonate compartment assuming 
all of the COz in this compartment comes from glucose. But, not all of the CO, 
in this compartment is derived from glucose. Hence the ratio between the ex- 
perimentally observed breath specific activity, E@$,, and this theoretical bi- 


SA (t) 
carbonate compartment specific activity, b (t), namely, a , 
is taken to be the fraction of CO, derived from glucose. The reader is referred 
to reference 6 for further details regarding the calculation of these and other 
quantities presented in the results. The words “‘pool’’ and ‘‘compartment”’ will 
be used synonymously. 


RESULTS 


The time required for uniform mixing of the injected radioactive glucose 
was defined to be the time when the exponential decay curve for blood specific 
activity fell on the straight line (using semilogarithmic paper) drawn through 
the later points. This was found to range from 15 to 60 minutes but was usually 
30 minutes. Reichard et al (10), had similar results. 


The glucose pool was considered to be in a steady state in all patients who had 
a constant blood glucose throughout the procedure. In all but seven instances, 
the variation in blood glucose was within 20 mg per cent. However, in these 
7 studies, numbered 3, 16, 28, 32, 34 (‘‘on insulin” study), 39, and 61, there was 
a change in blood glucose from 550 to 420, 180 to 70, 69 to 95, 340 to 240, 100 
to 30, 200 to 110 and from 150 to 100 mg per cent, respectively, over the course 
of the procedure (3 to 6 hours). 


In a few instances the blood glucose specific activity curves, plotted on semi- 
log paper, could be better fitted using two straight lines rather than one. The 
point of intersection in these cases was between 90 to 180 minutes. The angle 
between the two lines was never more than 10 degrees. 


Further support of assumption (A-7) (6), namely, that E8$, and b reach 
their maximum values at the same time, was provided by the data on patients 
who had steady blood glucose levels. t max, the time at which E@6, had its maxi- 
1 .in Aa the time at which b had its maximum value, 

oo 1 1 
differed, on the average, by only 2 per cent. This suggests that steady state con- 
ditions are reached between the bicarbonate compartment and the expired breath 
within the time interval [0, t max]. 


The results of the remainder of the experimental findings and calculations 
are presented in Tables I-V. In what follows, the ranges of variations of these 
parameters will be represented by intervals written as ordered pairs, [a, bl, 
where a is the least member and b the greatest member of the interval. Numbers 
in parentheses, ( ), refer to the studies being discussed. Tables VI and VII 
provide the clinical background as well as some of the laboratory results on the 
patients studied. 

(R-1) t,: Half-life of C'*-glucose in the glucose pool. 


mum value, and tm = 
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The radiobiological half life, t,, of the glucose pool in diabetic subjects was 
strikingly different from normal in almost all instances. The normal range [77, 
117] minutes, was relatively narrow with a mean of 95’. In sharp contrast, the 
juvenile diabetic patients without insulin therapy had t, values in the range 
(200, 610]. All individuals having t, values below the normal range were again 
juvenile diabetics but this time had received insulin and eaten breakfast. Only 
one diabetic patient (63) had a t, in the normal range but he had not only taken 
his usual dose of chlopropamide up to and including the morning of the test, but 
also had received pituitary irradiation 18 months prior to the test. However, when 
off medication for three days his t, was elevated above normal. Another adult 
diabetic subject (studies 40, 62, and 71, Fig. 1) had a slightly abnormal glucose 
tolerance test, a strikingly abnormal cortisone-modified glucose tolerance test 
and was well controlled on diet alone. She had a nearly normal t, before pituitary 
irradiation, but, 214 years after irradiation her t, became definitely abnormal, 
rising from 129’ to 195’. At the time of this second study she was recovering from 
an episode of thrombophlebitis. Nine months later her thrombophlebitis had 
cleared and her t, value had returned to normal. Two other adult diabetic 
patients and one juvenile diabetic patient (69, 78, 34, respectively) had post 
pituitary irradiation studies, all with prolonged t, values. 


The acromegalic patients tended to have normal or slightly elevated t, 
values. One (45) stayed essentially unchanged nine months after pituitary irradia- 
tion, one (8) developed a prolongation of his t, six months after irradiation, and 
two (35, 49), who had elevated t, ’s experienced a drop to normal in 3 7/12 and 
1 1/12 years, respectively. 

(R-2) Pg: glucose pool size in grams of glucose. 


Eleven of our 13 normal subjects had Pg values in the range [14.5, 22.0] with 
the range for the whole group being [14.5, 28] and average 19.6. When insulin 
was withheld, all juvenile diabetic patients, except one (41), had markedly ele- 
vated glucose pool sizes, the highest being four times normal. These same patients 
on insulin had low to low normal glucose pool sizes. One adult diabetic patient 
(40) before irradiation and again 314 years after irradiation (71) and another 
adult diabetic patient (63) 11% years after irradiation had normal glucose pool 
sizes. All other adult diabetic studies demonstrated elevated glucose pool sizes. 

Acromegalic individuals had Pg values which ranged from high normal 
to definitely high values. Among the four acromegalic patients who had pre and 
post pituitary irradiation studies (see studies 8, 35, 45, 49 of Table IV and 
studies 16, 65, 45, 68 of Table V, respectively) two experienced a drop in their 
glucose pool size from high to normal ( (8, 16) and (35, 65) ), another remained 
unchanged in the normal range (45, 45), while the fourth had a rise in Pg from 
a normal value to a high value (49, 68). 

(R-3) PX’: glucose pool size in g glucose/kg body weight. 

This paralleled the glucose pool size in grams rather closely. The normal 
range was [0.19, 0.37]. 
(R-4) \;: fraction of the glucose pool which turns over each minute. 

The normal group had }, values in the interval [0.0059, 0.0090]. Only one 
diabetic subject (63) (with or without diabetic medication, before or after pitui- 
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tary irradiation) had a }, value inside this range. Only juvenile diabetic patients 
who had received insulin the morning of the test were above 0.0090/min. The 
remainder were below 0.0059. 

Acromegalic subjects had \; values in the low to low normal range. The two, 
(35, 49), who had studies performed over one year following pituitary irradiation 
improved to normal. 

(R-5) Tg: glucose turnover in g/kg/h: 

For normal subjects, the range was [0.071, 0.168]; but, 10 out of 13 were in 
the much narrower interval [0.071, 0.126] with an average of 0.118 for the whole 
group. T«¢ values for juvenile diabetic patients without insulin replacement were 
almost always in the normal range indicating that their low fractional turnover 
per minute and their high glucose pool size resulted in a normal glucose turnover 
in terms of grams glucose leaving or entering the glucose pool per hour per 
kilogram of body weight. The one adult diabetic patient who had pre and post 
pituitary irradiation studies (40, 62, 71) had low, mid normal, and borderline 
high Tg values, in that order. 

All acromegalic patients except two (8, 35) had normal glucose turnover 
rates. One of these had a high turnover rate before irradiation but a normal one 
6 months later (8). The other had a normal Tg eight months after irradiation 
but a high turnover rate 3 7/12 years later, when he had evidence of mild hypo- 
pituitarism. 

(R-6) V2’: Glucose pool’s volume in per cent body weight. 

Vi for normal individuals was in the range (21, 42]. This range also includes 
the VQ’ values for almost all other individuals studied. The acromegalic subjects, 
however, tended to have high normal v2 values whereas the diabetic patients 
tended toward low normal VQ’ values. 

(R-7) t max: the time in minutes required for the expired breath to reach maximum 
specific activity. 

[95, 140] was the normal range. For diabetic patients, tmax tended to be 
above normal. All post pituitary irradiation studies on diabetic subjects were 
associated with elevated t max values. 

Acromegalic patients tended to behave as the diabetic patients with regard 
to tmax but with less divergence from normal. Pituitary irradiation was followed 
by a shortening of tmax in the two acromegalic patients whose post pituitary 
irradiation studies were performed 4 1/4 and 1 1/12 years following pituitary ir- 
radiation (35, 49). The patients studied six and nine months following irradiation 
experienced no change in t max (8, 45). 

(R-8) *s: fraction of the bicarbonate pool which enters and leaves that pool per 
minute. 

Normal subjects had 2 values in [0.0030, 0.0135]. The only diabetic subjects 
outside this range were two nonirradiated juvenile diabetics (3, 15) and one 
adult diabetic (64) all of whom had elevated \2 values. The one diabetic patient 
(40) who had studies performed before and after pituitary irradiation had essen- 
tially no change in dg. 

All acromegaly patients had \2 values in the normal range both before and 
after pituitary irradiation. However, two acromegalic subjects (8, 45) had an 
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Fig. 1. Graphs of data obtained in three successive studies on a patient with adult type di- 
abetes mellitus. These are studies numbered 40 t(pre-irradiation), 62 (21% years post 
irradiation) and 71 (314 years post irradiation). 


increase in dz following pituitary irradiation, whereas, of the other two, one re- 
mained unchanged (35), and one had a decrease in dz (49). 

(R-9) sy :mean mg CO, entering and leaving the bicarbonate pool each 
minute. 


Normal values, with one exception, were in [265, 391]. Six out of ten diabetic 
subjects had values below 265. However, 8 out of 10 diabetic patients had studies 


resulting in — < 300 (Table Ila) whereas this was true for only 2 out 


of 13 normal subjects (Table I). Pituitary irradiation did not significantly alter 


ex} in the acromegalic group. The lower value in study 71 on an adult 
diabetic patient is probably not valid. 
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(R-10) E84, (t max): the experimental specific activity of expired CO: at t max. 


8 out of 13 studies on normal subjects resulted in values in the interval 
[0.150, 0.190]. If these values are taken as normal, then 10 out of 17 studies on 
non-irradiated diabetic patients produced values below normal and all but 3 
acromegalic patients (55, 74, 79) either before or after pituitary irradiation, had 
values below normal. However, to include all normal subjects the range must be 
taken to be (0.060, 0.250] and this range includes nearly all the E&%_ (t max) values. 
Still, one untreated juvenile diabetic patient off of insulin, (44) had a value below 
0.060. 

(R-11) b(t max): the theoretical specific activity at tmax, of the bicarbonate pool. 

b(t max) had a wide spread for normal individuals, its range being [0.096, 
0.720]. This range included all but one patient, an adult diabetic (40) who, 
following pituitary irradiation, reverted to a normal value. However, Table | 
shows that 12 of the 13 normal studies produced b(t max) > 390 whereas from 
Table Ila it can be seen that 4 out of 5 untreated juvenile diabetic patients off 
of insulin had b(t max) < 0.390. The one irradiated juvenile diabetic patient (34) 
had b(t max) < 0.390 for both his ‘‘on insulin” and ‘‘off insulin” studies. 


The acromegalic patients were split almost equally by b(tmax) = 0.390. 
Five studies resulted in values above and six studies resulted in values below 
0.390. Pituitary irradiation had mixed effects on b(t max) relative to this value. 
Among the four acromegalic patients who had both pre and post pituitary irradi- 
ation studies, two of the three (8, 35) with b(tmax) < 0.390 remained unchanged 
while the other (49) dropped 0.138 units. The one with b(t max) > 0.390 (45) had 
a rise in b(t max) by 0.113 units. 

(R-12) «CO$: %COx derived from glucose. 

If [20, 43] is taken as the normal range, then almost all studies resulted in 
normal «CO values. The ones digressing most significantly from this range were 
untreated juvenile diabetic patients off of insulin. They had low values. Pituitary 
irradiation had no significant effect on the value of ~CO$ for the one adult dia- 
betic patient (40) or for three of the acromegalic patients with sequential studies. 
The remaining acromegalic patients in this group had a drop in «C08 to below 
normal. 

(R-13) Goo,: The mg of glucose oxidized to CO: per minute. 


Normal values, with one exception, were found to lie in the interval [50, 97] 
with a mean of 73.1. This range includes most other G,,, values. However, four 
out of five unirradiated juvenile diabetic patients had values below 50 when off of 
insulin, but when on insulin their G9, values were higher and ranged from low 
normal to above normal. The one juvenile diabetic subject (34) who had a 
post-pituitary irradiation study had both ‘‘on insulin” and “off insulin” Goo, 
values in the normal range. One adult diabetic subject (40) developed a low 
Gco, 2 1/2 years after pituitary irradiation at which time she was convalescing 
from an episode of thrombophlebitis (62). Nine out of 13 normal individuals 
had Goo, 2 70 whereas all 10 unirradiated diabetic subjects had Goo, < 70. 


Almost all acromegalic patients had normal Goo, values before irradiation. 
In fact, 8 out of 11 pre-irradiation studies resulted inGoo, > 70. An acromegalic 
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atient with frank diabetes before irradiation (8) had a normal pre-irradiation 
(ico,. but, 6 months after irradiation, hisG_o, had fallen to below normal values. 
\nother acromegalic patient (35) who had diabetes (requiring 80 units of insulin) 
efore irradiation but who, at the time of his first C' glucose study, eight months 
iter irradiation, was controlled on diet alone, had normal Goo, values for both 
is eighth month and 4 1/4 year post pituitary irradiation studies. 

R-14) G&>,: Oxidation of glucose to CO: in g/kg/h. 

The results here were much like those for G.o,, the normal range being 

).038, 0.085] with average 0.056. 

R-15) Teo,: COz turnover in g/kg/h. 
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Fig. 2. Graphs of data obtained in two successive studies on an acromegalic patient. The 
first study, number 35, was performed 8 months after pituitary irradiation. The 
second study, number 65, was performed 4%4 years after therapy. 
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The interval which includes Tg,, values for all normal subjects is (0.204, 
0.333]. However, 9 out of 13 studies on normal subjects resulted in T,,, values 
lying approximately in the interval [0.250, 0.300]. Only 3 out of 10 studies on 
liabetic subjects had T¢o, values in this interval (Table Ila). The highest 
values of Too, were obtained from diabetic patients on insulin (Table IIb). 
Pituitary irradiation resulted in a decrease in Tg,, in the adult diabetic patient 
with sequential studies (40, 62, 71). 

The acromegalic patients had T,,, values in the range [163, 347]. Pituitary 
irradiation resulted in no significant change in three cases (8, 45, 49) and a rise 
from below normal to normal values in one case (35). 

(R-16) Peo,: The CO: pool in gCO2/kg of body weight. 

The normal range for Poo, was taken to be [0.329, 0.581]. Two untreated 
juvenile diabetic patients (3, 15) off of insulin had Pog, < 0.329 as did one adult 
diabetic (64). Pituitary irradiation resulted in a rise in this parameter in the 
one adult diabetic subject studied before (40) and after (62, 71) pituitary irrad- 
iation. Two other adult diabetics (63, 69), who were studied only after pituitary 
irradiation, also had high Poo, values. 

Four acromegalic patients (8, 47, 49, 55) had high P,,, values before irrad- 
iation. Two of these (8, 49) had post irradiation studied (16, 68) and of these 
one (49, 68) had no significant change in Too,while the other had a return to 
normal values (8, 16). 

The one patient with Cushing’s syndrome secondary to adrenal carcinoma 
had a normal glucose-C™ study, although two oral glucose tolerance tests were 
slightly abnormal. This patient had moderately elevated urinary 17-hydroxy- 
corticosteroids and very high urinary 17 ketosteroids. 


DISCUSSION 


The parameters presented in the results will be divided into two classes. The 
first class will consist of those parameters whose values for the diabetic subjects 
differ from normal. The second class will consist of those parameters which 
show no significant difference in any of the groups of subjects studied. 

The most distinctive members of the first class are t,, Pa, PX Ax, and t max. 


But also, since E66, (tmax), b(t max), Geo,» and em) are of help in diagnosing 


abnormalities in glucose kinetics, they belong to this class. However, Tc, V2, 
he, xCOS, Too, and Pg are of no assistance in this regard, and, thus, do not belong 
to this class. Nonetheless, the fact that these latter quantities are normal, 
except in the severest diabetics after fasting, deserves some comment later. 

Using the ‘“‘diagnostic type’’ parameters, individuals with adult or juvenile 
diabetes mellitus can be distinguished from normal individuals in that when off 
therapy the diabetic patients have a prolonged t,, an increased Pe and pj’, a 
diminished fractional turnover rate for the glucose pool, di, and a delayed t max. 
They also frequently have a low E60, (tmax), 2 low b(tmax), a low Goo, and a 
low (alee), All diabetic patients studied had an abnormal outcome to this 
test, abnormality being defined as having two or more of these parameters out- 
side their normal range. 
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Fig. 3. A graph of Ty» the glucose turnover rate, versus B_, the blood glucose concentration. 
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The lowered ),; values in these diabetic patients were accompanied by ele- 
vated p values so that the glucose turnover rates, Ta (Ta = \1- PQ - 60) were 
almost always in the normal range (see (R-5) ). However, there was a general 
increase in Tg with increasing values of B, or PY over a limited range (see Figs. 
3 and 4). This phenomenon is discussed by Soskin and Levine" who describe a 
linear relationship between fasting blood sugar concentration, Bs, in the range 
[100, 500] mg per cent, and dextrose utilization, Tg, in eviscerated dogs. For 
B, > 500 mg per cent they display a nearly constant value for Tg. Although the 
present data are consistent with a linear relationship between Tg and B, for a 
range B, in [70,370], they do not support the constancy of Tg for larger values 
of B,. In fact, there was a sharp decrease in Tg for values of B, > 370 (Fig. 
3). A plot of Tg vs Pw’ was even more revealing (Fig. 4). Again there was a 
general increase in Tg with px for diabetic subjects but this increase appeared 
to be non-linear. Normal subjects also had a general increase in Tg with Pp, the 
exact relationship being obscure. Furthermore, for the diabetic subjects, Tg 
reached a maximum (for p® in the interval [1.000, 1.200]) and thereafter declined. 
These findings suggest that, directly or indirectly, glucose at high levels inhibits 
pathways envolved in its production or utilization. 


Reichard et al (10) found Tg values to be decreased in “‘mild diabetes 
mellitus’ whereas Shreeve et al (12) reported slightly elevated Tg values for 
such patients. The results (R-5) (Table IIa) in the present report lend support 
to those of Reichard et al in that Tg for adult type diabetic subjects prior to 
pituitary irradiation were in general in the low normal range. The one subject 
in this group who had postpituitary irradiation studies performed had an eleva- 
tion of this parameter to a borderline high level. The cause for this rise in Tg 
is unknown. One may conjecture, on the basis of known growth hormone effects, 
that it was due to an increase in insulin sensitivity resulting from diminution in 
growth hormone (13). 


The general decrease in oxidation of glucose to COs in the diabetic subjects 
in spite of approximately normal values of Tg indicates that although glucose 
utilization is near normal, less of it is being converted to COz by the ‘‘immediate 
oxidative pathway”’. This means that in diabetic individuals a larger portion 
of the glucose utilized is going by way of pathways other than the ‘‘immediate 
oxidative pathway”, which probably consists of the hexose monophosphate 
pathway and the Embden-Meyerhof-Tricarboxylic acid pathway. One would 
thus expect a greater rate of appearance of C" in fats and amino acids (14, 15). 


The tendency toward a decreased expiratory specific activity, EG}, (tmax) 
in the diabetic patients is consistent with the delay in reaching tmax- If Geo,» 
the oxidation of glucose to COs, is normal or less than normal, then the total 
amount of C“O, expired in time t max is normal or less than normal; hence, the 
area under the expiratory CO, curve must be normal or less than normal. Under 
these conditions a delay in t max implies a lower E84 (t max). The data in Table Ila 
or, in condensed form, Table IX support this statement. 


Generally, diabetic subjects without therapy had lower (100d) values 
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han normal. Surprisingly, a depancreatized patient (3) and a brittle juvenile 
e [CO.] 
dt 


iabetic patient (15) had normal values. This will be discussed later. 


‘he cause for the lower CO: expiration rate in the remainder of the diabetics is 
inknown. It may, however, be hypothecated that it is due to a decrease in CO» 
iroduction from glucose and/or an increase in CO, assimilation (e.g. COs assimi- 
ition in fatty acid synthesis via acetyl coenzyme A). 


Distinguishing acromegalic individuals from normal subjects on the basis 
ff this glucose kinetic study was considerably more difficult than in the case of 
vatients with diabetes mellitus. Although the changes in the two disorders were 
imilar, they were less marked in the acromegalic subjects unless overt diabetes 
yas present. Table VII shows that prior to pituitary irradiation all but two (38, 
55) abnormal C'*-glucose studies were associated with abnormal oral glucose toler- 
ance tests (using the criteria of Fajans and Conn'®). In study (38) the glucose C™ 
test was abnormal whereas the glucose tolerance test was normal. This patient 
had questionable activity of her disease as measured by clinical and biochemical 
methods (which included a normal plasma level of growth hormone as assayed 
by C. H. Li). Study (55) on the other hand resulted in an abnormal glucose 
tolerance test and a normal C" glucose kinetic study. Ikkos et al (17) found no 
correlation between decreased intravenous glucose tolerance and activity of 
acromegaly. As seen from Table VII the C'-glucose studies as well as the oral 
glucose tolerance tests performed in the present study also did not correlate 
satisfactorily with activity of the disease. 


This method of evaluating glucose metabolism, thus, appears to have diag- 
nostic merit. It must, however, be emphasized that until a more precise method 
of measuring these parameters becomes available, each laboratory will have to 
determine its own set of standards for normal subjects. The values reported for 
these parameters by various investigators are listed in Table VIII. Although this 
method is simple to perform, it gives valid results only if the system remains in a 
steady state. In the fifty-two studies reported here the blood glucose levels during 
the test remained fairly constant except in seven cases. Furthermore, no pertur- 
bance such as insulin injection or appreciable glucose injection was made during 
the studies. The postpituitary irradiation studies were performed on individuals 
who may have had a new ‘“‘steady-state’”’ due to modified homeostatic control 
but no changes were induced during the test itself. 


The parameters which are of little, if any, help in distinguishing normal, 
diabetic, and acromegalic individuals are Tag, VY, de, xCOF, Tco,» and Poo, Ta 
was discussed earlier. V, the glucose space per kg body weight has been thought 
to correspond well with the extracellular fluid volume (1, 11). Hence, it is not 
surprising that all individuals had comparable values for this parameter. The 
remainder of these parameters refer to the bicarbonate compartment. 


Since most patients were in a good nutritional state prior to the initiation 
of the test, the CO2 compartments in most cases were normal. However, the over- 
night fast as well as abstinence from their daily dose of insulin, were sufficient 
to modify the bicarbonate compartments of two of the juvenile diabetic patients 
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TABLE [X 


StuDIES HAVING PROLONGED tmax AND NORMAL OR Low Goo, 





Study (34) (32) (41) (39) (44) 
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(3, 15). They experienced a lowering of their bicarbonate pool size probably due 
to metabolic acidosis resulting from poor diabetic control. In spite of this low- 
ered bicarbonate pool they were able to maintain a normal output of COs, 2.e., 


a= by elevating their fractional turnover rates \2. These two patients 


also had markedly diminished »CO§$ values indicating, again, that much of their 
CO. was coming from nonglucose sources. 

The effect of pituitary suppression on the diabetic state in acromegaly as 
measured by this method can best be exemplified by studies (35, 65) (Fig. 2) 
on the acromegalic patient who received a relatively large dose of a-particle 
radiation to the pituitary gland and who had the longest period, 4 1/4 years, 
between his irradiation and his kinetic study. Prior to irradiation this patient had 
frank diabetes and eight months after therapy he still had an abnormal kinetic 
study (35). However, approximately four years after therapy his kinetic study 
was normal (65). 

Pituitary irradiation, however, did not produce such a clear effect on the 
adult diabetic patient studied before (40) and three years after a comparable dose 
of radiation (71) (Fig. 1). Both tests (40) and (71), were nearly normal but since 
each had two abnormal ‘‘diagnostic parameters’’, both were classified as abnormal. 
Nonetheless, there was a major distinction between the two tests. The first 
study revealed low Tg and ),; values whereas these parameters were elevated 
in the second study. This effect on Tg and }, parallels the effect of pituitary 
irradiation on the acromegalic patient discussed in the last paragraph. 
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SUMMARY 


The results obtained by using the single injection tracer method of Baker 
et al., as modified by Tolbert et al, for the study of glucose kinetics in humans 
are presented for normal subjects, diabetic patients, and acromegalic patients. 
The latter two categories contain individuals who had studies performed pre 
and/or post heavy-particle irradiation to the pituitary gland. The results indicate 
similar deviations from normal for both the diabetic and the acromegalic patients. 
These deviations are more marked in diabetes mellitus than in uncomplicated 
acromegaly and consist of prolongation of the radiobiological half-life of glucose 
C4, diminution of the fractional turnover rate of glucose, enlargement of the 
glucose pool size, and lowering of the oxidation rate of glucose to COs. 


The deviations in acromegaly can be reversed by heavy particle pituitary 
irradiation. However, the effect of pituitary irradiation on the C" glucose kinetic 
pattern of adult diabetic subjects seems to be an elevation in glucose turnover 
without significant improvement in the diabetic state. Further studies are re- 
quired on irradiated diabetic and acromegalic subjects before more definite 
statements can be made. 


The rise in glucose turnover which accompanies the rise in blood glucose 
appears to be limited, a decline in turnover being observed for blood glucose 
values above 370 mg/100 ml. 


Further support for the model of Baker ef al was obtained through the 
agreement of the theoretically predicted t max and the actually observed t max for 
the COz specific activity curves. 
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An 18 Year Study of the Use of Beef Thyrotropin to Increase 
I" Uptake in Metastatic Thyroid Cancer” 


Richard S. Benua, M.D., Martin Sonenberg, M.D., Ph.D., 
Robert D. Leeper, M.D. and Rulon W. Rawson, M.D. 


New York 


Thyrotropin (TSH) has been used to stimulate the uptake of radioactive 
iodine by metastatic thyroid cancer since 1946 (1,2,3). The present report en- 
compasses 28 courses of TSH given to 20 patients prior to 1951 and 54 courses 
in 28 patients since 1958. A report of success with this procedure (4) led us to 
re-investigate this method of stimulation and to further evaluate all the patients 
we have studied. 


METHODS 


Patients with histologically proven thyroid cancer received beef TSH®* for 
one to 14 days. Intramuscular injection was used in all except 2 patients, who 
were treated intravenously. The intravenous route was used twice in 1948 
because the initial lots of TSH caused pain at intramuscular sites. TSH was 
administered twice daily in most of the studies since 1958. The average total 
dose in a series of injections was 580 USP units prior to 1951, 78 units between 
1958 and 1961, and 95 units since 1961. At the present time the usual regimen 
is 10 units intramuscularly every 12 hours for 5 days. All patients were previ- 
ously thyroidectomized by surgery or radioiodine. Most were hypothyroid, and 
thyroid hormones were discontinued during TSH stimulation. 

Tracers of I'*! were usually administered both before and after a course of 
TSH. In the first part of the study an interval of 48 hours elapsed between the 
last injection of thyrotropin and the subsequent administration of the tracer, but 
since 1958, a 6 hour interval has been a standard procedure. For the purpose 
of analysis, no tracer given more than 60 days prior to the TSH has been used 
for comparison. In some cases therapeutic I'*! directly followed the course of 
thyrotropin, but most often a pretherapy tracer and another course of TSH 
preceded treatment with radioiodine. 


From the Department of Medicine and Division of Clinical Investigation, Memorial 
Sloan-Kettering Cancer Center, New York. 

*Supported in part by grants-in-aid from the American Cancer Society (P-81, T-71), the 
Damon Runyon Memorial Fund (DRG 377, DRG 442), the Atomic Energy Commission, under 
contract No. AT (30-1)-910 and the National Cancer Institute, U. S. Public Health Service 
(C-2052, CY 3809). 

*Thyrotropar. Some was kindly furnished by Armour Laboratories, Kankakee, Illinois. 
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The counting rate at a given position over the tumor was measured at various 
times, most often 48 hours, after the tracer was administered. By using the same 
radiation detector and correcting for the size of the tracer dose, the relative tumor 
uptake in the area of greatest tumor concentration was compared before and 
after TSH. It has not been possible to compare tumor uptake after giving a 
therapy dose of I'*! with that following a tracer dose of I'*!. This was because 
the higher levels of radioactivity present following I'*! therapy required the use 
of a less sensitive counter with a different collimater. Measurement of the amount 
of I'8! excreted in the urine during the first 48 hours after the tracers permitted an 
estimation of the relative body retention before and after stimulation. In some 
patients there was subjective evidence from hand scanning that uptake had 
been stimulated, but in the present report only objective evidence of change in 
tumor uptake is reported. 


RESULTS 


A total of 82 courses of stimulation with TSH have been given to 48 patients 
with metastatic thyroid cancer. Four patients experienced side effects during 
their first course of TSH. The reactions were nausea, fever, pain at the site of 
injection or hives, and were seen only with the lots of TSH employed before 
1949. Of 18 patients who received more than one series of injections of TSH, 2 
developed hives during the second or third series. 
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Tracer doses of I'*! were administered at the conclusion of 61 courses of 
thyrotropin in 45 patients. Tumor uptake increased 59 + 21 per cent on the 
average in the 32 instances where paired data were available. Figure 1 shows that 
this average increase is accounted for, in the main, by increases of over 100 per 
cent in 5 studies. This degree of stimulation was obtained in 4 patients with fol- 
licular and one with papillary cancer. They received courses totalling 100 units 
in 3 instances, 120 units in one and 700 units in another instance. Body reten- 
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tion of the tracer I'*! at 48 hours averaged 25 + 25 per cent higher after ad- 
ministration of TSH in 28 paired studies (Fig. 2). 


The histologic types of thyroid cancer in patients in whom TSH was given 
are shown in Table I. The differences in tumor uptake or body retention by 
histologic type are not statistically significant in a series of this size. 


Therapeutic amounts of radioactive iodine were administered at the con- 
clusion of 21 courses of TSH. Body retention increased by an average of only 
4 + 19 per cent in the 13 instances where reliable collections of urine were 
available for both the therapy and a pre-TSH tracer. 


DISCUSSION 


Although no statistically significant change occurred in most patients re- 
ceiving TSH, dramatic increases in tumor uptake of I'*! were produced by 5 of 
32 courses of thyrotropin. The ability of such a procedure to more than double 
tumor uptake in some patients with metastatic follicular or papillary thyroid 
cancer makes the attempts worthwhile. A similar increase has been reported in 
one of 15 patients by Sheline and Miller (5) and some increase in 5 of 11 
patients treated by Rose and Kelsey (6). These studies contrast with the observa- 
tions of others who conclude that this method of stimulating tumor uptake is 
successful in most cases (4). 
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Body retention at 48 hours was not significantly affected by thyrotropin 
administered before tracer or treatment doses of I'*!. Such data did not reflect the 
occasional dramatic stimulation of individual metastases observed with iracer 
I'3!, but urine measurements over a longer interval might have shown an effect. 
The failure of body retention to increase when therapeutic radioiodine followed 
the TSH may also have resulted from a radiation effect on the tumor which we 
have described elsewhere (7). 


The optimum schedule for using TSH to stimulate tumor uptake is not en- 
tirely clear. Our data would suggest that the dose of TSH necessary does not 
exceed 100 units over a 5 day period, since earlier experience with larger doses 
for longer periods was not more successful. If data for 30 minute uptake in normal 
thyroid after a single injection of TSH (8) can be applied in the thyroid can- 
cer patient, the optimum interval between the last TSH and the I'*! would 
probably be 18 hours. 


Side effects have been minimal with isolated instances of pain or fever 
limited to the initial years of the study. As has been reported by others (9,10), 
repeated courses may cause allergic reactions, and careful observation must be 
maintained to avoid continuing in the face of such reactions. Stimulation of the 
rate of tumor growth, while theoretically possible, has not been evident during 
or immediately after these brief courses of thyrotropin. 


Thyrotropin stimulation is a rapid means of increasing tumor uptake, and 
thus is more acceptable to the patient than long courses of antithyroid drugs. The 
latter may be more effective, however, giving increases in up to % of the patients 
treated (11). Both methods of stimulation should only be used after normal 
thyroid is removed surgically or destroyed by radioiodine. Current practice is to 
try TSH before antithyroid drugs and again later if antithyroid agents fail to 
stimulate uptake in the tumor. 


SUMMARY AND CONCLUSIONS 


Eighty-two courses of treatment with beef thyrotropin have been used in 48 
patients to increase the collection of radioactive iodine in metastatic thyroid can- 
cer. The usual regime was 10 units twice daily for 5 days. Highly significant 
increases in tumor uptake were noted in 5 to 32 studies in which pre and 
post-TSH data were available. In these 5 instances, uptake more than doubled, 
but the average increase was 59 per cent for the 32 studies. This response could 
not be correlated with the dose of thyrotropin over the range employed or the 
histologic type of the tumor. Whole body retention of the radioactive iodine was 
25 per cent higher after TSH, but this change was not statistically significant. 
Allergic manifestations occurred in 2 of 18 patients receiving more than one 
course of injections. In no instance did the thyrotropin appear to stimulate tumor 
growth. Thyrotropin stimulation should be attempted when thyroidectomy and 
antithyroid agents fail to yield sufficient tumor uptake to permit therapy. 
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Digital Computer Analysis and Display of the 
Radioisotope Scan"” 


Donald W. Brown, M.D. 


Denver 


Radioisotope scanning of the thyroid was introduced in 1951 by Cassen, 
et al (1). By 1956 this technique had been successfully applied to the liver, brain 
and several other sites (2-5). Today a large number of scanning procedures are 
in use. 

Despite wide acceptance of the method there is still much to be desired in 
our ability to interpret scans. Gollin, et al (6), for example, encountered an inci- 
dence of 27 per cent false negative studies in scans for hepatic masses using 
Au’®s colloid. At our own institution, in 30 proved space-occupying lesions of the 
brain, a correct diagnosis was made in only 21 patients by the use of scanning 
techniques (7). Much of the difficulty at present results from subjective methods 
of interpretation. There is great variation in the way any two experts would 
interpret a particular scan and even considerable variation in the way one indi- 
vidual would read a given scan from day to day. There is always random varia- 
tion in neighboring densities in scans and some means of applying statistical test- 
ing to this variation is needed. The following is the preliminary report on a 
method which promises to fill this need. 


METHOD 


Patients are administered the usual doses of radioactive isotopes. Teledeltos 
and photographic scans are obtained using a Picker magnascanner (tube-type) 
with a 3-inch crystal (model No. 6184SO ). Signals from the pulse height analyzer 
are fed into a Picker dual rate computer (model No. 600-145). Counts are sum- 
mated at one second intervals and transferred in parallel to a Beckman printer 
(model No. 1453). Ends of lines are also recorded. The printed information is 
punched onto computer cards and then processed by an IBM 709 digital com- 
puter at the University of Colorado Graduate Schooi Computer Center. The 
printing of the scans is performed by an IBM 1401 and an off line printer. 


1Section of Nuclear Medicine, Departments of Radiology and Medicine, University of 
Colorado Medical Center, 4200 East Ninth Avenue, Denver, Colorado 80220 

Presented as a scientific exhibit at the 11th Annual Meeting of the Society of Nuclear 
Medicine, Berkeley, California, June 17-20, 1964. 
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In processing the scan, the computer goes through the following steps: It 
reads and writes the patient’s name, the date, hospital number, background, and 
other patient data. It then reads the long list of one-second counts and tests for 
and recognizes the end of each line and the end of each scan. In this process it 
counts the number of characters in each line and counts the number of lines con- 
verting the entire array from one to two dimensions. Since our scanner reverses 
its direction after each line, the next step taken by the computer is to reverse 
every other line. The raw one-second counts are then printed out. Next, each num- 
ber is tested against its surrounding eight neighbors and if it is found to be more 
than one standard deviation away from their mean the number is replaced by 
this mean. The number is then multiplied by eight and this figure is added to the 
sum of the eight surrounding characters. The maximum of the resulting sums is 
then divided by ten and all of the sums are then weighted from one to ten on the 
basis of this increment. The entire scan now consists of a two dimensional array 
in which each character is a digit between one and ten. The numbers are then 
replaced by characters of increasing density. For instance, if a 30 per cent cut-off 
is desired, all numbers from one to three are replaced by blanks, numbers four 
and five are replaced by plus signs, numbers six and seven are replaced by aster- 
isks, and numbers eight, nine and ten are replaced by H’s overprinted with I’s. 
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. 1. Thyroid phantom containing 30 microcuries of I131. Combining the three print-outs 
brings out all three cold nodules, the hot nodule in the lower pole of the left lobe 
and the fact that the activity in the body of the right lobe is greater than that on the 
left. 
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The array is then printed out. Next, a different cut-off is used and the new array 
of different characters is printed out. At present we are using a series of seven 
print-outs. The computer now goes back to begin processing the next scan. 

The original program has been written in Fortran II and converted to a 
binary deck which is now used to control the computer.’ 


RESULTS 


Thirty-five scans have been analyzed using this method. Figure 1 presents 
a computed scan of the Picker thyroid phantom with three different cut-offs. By 
combining these three scans it is quite easy to see all three cold spots as well as 
the hot spot in the left lower lobe and to ascertain the fact that the overall activity 
in the right lobe is considerably above that on the left. For comparison, the photo- 
scan is shown in Fig. 2. 

To date it can be said that lesions visible on the ordinary photoscan are at 
least as easily visualized on the computed scans. As yet we have had no instance 
where a lesion could be seen in the photoscan and could not be seen in the com- 
puted scan, nor have we seen a false positive result. The vividness and clarity 
with which the computed scans show up significant lesions is often striking. 


‘A copy of the program will be provided upon request. 


Fig. 2. Photoscan of thyroid phantom shown 
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Frequently when a lesion could only be suspected on the photoscan, it has shown 
very clearly on the computed scan. 

By controlling carefully the line spacing and speed settings on the scanner, 
it is a simple matter to produce computed scans which are the exact size of the 
organs being scanned. This has proved very helpful, particularly in cardiac scans. 
In the case of the thyroid, however, we have found it increases clarity to double 
the size of the patient’s thyroid in printing out the computed scan. 


DISCUSSION 


Many methods have been advocated to increase the reliability and objectivity 
of radioisotope scans. Background erase (8) and contrast enhancement (9) are 
now standard features on commercial scanners. Our technique embodies these 
two features and in addition provides a way of handling the information available 
statistically. 
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Fig. 3. Left lateral brain scan of patient with proven meningioma after 450 microcuries of 
Hg?°3 chlormerodrin. 
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Although the statistical test outlined above works very well, investigation of 
ways to improve this phase is underway. 

One of the major advances offered by the computed scan is the independence 
of the quality of the scan from technical errors in setting up the scanner. Density, 
ultor voltage, and counts per minute range differential settings do not affect the 
quality of the computed scan. 

A defect in our method is the delay and expense of key punching. Plans have 
been made to automate the entire system described above by going directly from 
the dual rate computer into punched tape and thence into the 709 computer. 


SUMMARY 


A method of approaching the analysis of the radioisotope scan objectively 
using statistical testing with a digital computer is under development. Pulses from 
the pulse height analyzer of the scanner are summated at one second intervals 
and fed into a computer. By this means, variation in activity from adjacent areas 
can be evaluated for statistical significance. The computer’s printer can then be 
used to print out scans graphically, allowing one to vary the background erase 
and contrast enhancement. Lesions can sometimes be clearly demonstrated by 
this technique when they can only be suspected on ordinary scans. 
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PRELIMINARY NOTE 


Radioisotope Renogram in Kidney Transplants'” 


Merle K. Loken, Ph.D., M.D., Edward V. Staab, M.D., Robert L. Vernier, M.D. 
and William D. Kelly, M.D. 


Minneapolis 


Presently the radioactive renogram is being used to follow the clinical 
course of patients who have received a renal transplant. Collins et al (1) have 
recently reported their experience in a similar group. To date, Ilodine-131 Hip- 
puran (Ortho-iodo-hippurate)! has been used exclusively in these studies, al- 
though consideration is now being given to the use of Mercury-197-Chloromero- 
drin and Iodine-125-Hippuran. Serial renograms have been performed on 15 
patients, who have received a kidney from a close relative or a human cadaver. 
Varying doses of steroids and other immunosuppressive agents are being used to 
prevent a rejection reaction. The patient’s clinical status and conventional kidney 
function tests are used together with the renogram to adjust the dosage of drugs 
used and to indicate the possible need for other treatment. 

A dual rate meter system with 2-inch diameter sodium-iodide crystals is 
being used. Collimation of the crystals provides an 8-inch distance from the crys- 
tal face to skin to minimize differences due to depth of the kidney below the skin 
surface. These kidneys are transplanted into the anterior iliac fossae so that reno- 
grams are performed with the patients supine. One probe is placed directly over 
the kidney. In most cases, the second probe serves as a control and is placed over 
the abdominal vasculature on the opposite side. The positioning of probes in 
smaller patients is quite critical because of the close proximity of the kidney trans- 
plant to the bladder. The exact position of the kidney is known from surgery so 
that no localizing dose for the probe placement is necessary. A dose of 20 ye of 
Iodine-131 Hippuran is administered intravenously as a bolus. Activity is dis- 
played on a strip chart recorder with overlapping pens. The recorder is run at a 
speed of 3 inches per minute during the first minute and 12 inches per hour for 
the remainder of the examination. Thirty minute records are usually obtained. 

Renograms are obtained when possible on prospective donors. Following 
transplantation, an initial renogram is obtained while the recipient is in the post- 


1From the Departments of Radiology, Pediatrics and Surgery, University of Minnesota 
Hospitals. 

*Supported in part by funds from the United States Public Health Service Grant No. 
CA 03332-07 and the Graduate School, University of Minnesota. 

‘Courtesy E. R. Squibb & Company. 
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operative recovery room and again within the first 24 hours after surgery. Reno- 
grams are then obtained on a daily basis for approximately one week and at vari- 
ous times thereafter. 


Interpretation of the renogram curves is modified after previously reported 
series (2,3). The renogram is thus divided into three segments which relate in 
part to the vascular supply, secretory activity, and excretion from the kidney. Our 
results show that the renogram is a sensitive indicator of the function of the renal 
transplant. We have observed a variety of patterns which appear to be related 
to the acceptance or rejection of a transplant. During a rejection phase the 
“typical” change in the normal pattern is an elevation of the curve of the ex- 
cretory segments and a gradual depression of the “functional” peak. Outflow 
obstruction and in some cases compromise of the vascular supply may compli- 
cate the interpretation of a rejection pattern. 


The following is a brief case history of one of our patients (T. B.), age 15, 
who was considered as a candidate for transplantation because of renal failure 
secondary to chronic glomerulonephritis. On September 28, 1963, she received 
two cadaver kidneys. Figure 1 shows a typical normal renogram pattern together 
with selected renograms on these transplanted kidneys. Figure 2 shows results of 
some of the laboratory tests. The renogram performed on September 30, indicates 
a gradual increase in the concentration of the isotope in both transplanted kid- 
neys. There is no evidence of an excretory component, although moderate urine 


‘Creatinine clearances are all normalized to 1.73 M® body area. 
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Fig. 1. Upper left demonstrates a normal renogram. Rejection reactions were clinically and 
chemically present on 10/8/63, 12/25/63 and 4/11/64. 
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output was measured. The pattern resembles somewhat that seen in early rejec- 
tion but was thought here to represent tubular damage secondary to the ischemia 
of the kidneys prior to completion of the transplantation. The BUN was 36 mg % 
and the creatinine clearance was 60 liters/24 hours at this time.! The renogram 
on October 8 resembles closely a nephrectomy pattern bilaterally, and at this 
time there was scanty urine output. The BUN had risen to 101 mg % and the cre- 
atinine clearance had dropped to less than 10 liters/24 hours. By October 16 the 
patient’s urine output had increased to 1,500 cc per day, the BUN had dropped 
to 44 mg % and the creatinine clearance had risen to 35 liters/24 hours. At this 
time an improvement of the renogram may be noted, especially on the right kid- 
ney, which appears to show, in addition to some function, a slight excretory com- 
ponent. On October 25 good function is seen bilaterally and good excretion is 
seen on the renogram of the right kidney. There is some delay of excretion from 
the left kidney. Two weeks later, on November 6, the renograms have approached 
normal pattern bilaterally and the patient’s clinical status was vastly improved 
over that of previous weeks. The BUN had fallen to 28 mg % with little change 
in the creatinine clearance. The patient was discharged about this time. 


During the next several weeks there was gradual improvement of the reno- 
gram pattern. The BUN dropped to a low of 16 mg % and the creatinine clearance 
rose to a high of 90 liters/24 hours. There was no change in medications during 
this time, with the patient on a maintenance dose of Imuran. Beginning about 
December 6, there was a gradual rise in the BUN and drop in creatinine clear- 
ance. The patient was re-admitted to the hospital on December 24 with acute 
renal failure. The renogram pattern at this time again resembled closely a “neph- 
rectomy pattern.” The BUN had risen to 54 mg %, the serum creatinine was 3.8 mg 
% and the creatinine clearance had dropped below 5 liters/24 hours. The urine 
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Fig. 2. Chronological presentation of chemical determinations and immunosuppressive drug 
therapy. Rejection reactions were felt to be present on 10/8/63, 12/25/63 and 
4/11/64. 
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output had been decreasing steadily prior to this admission. Intensive drug ther- 
apy was instituted and rapid improvement of the patient’s renal status was ob- 
served. The renogram pattern obtained on January 13, 1964 reflects this improve- 
ment as did, a BUN of 40 mg % and a creatinine clearance of 114 liters/24 hours. 
It may also be noted that the renal function appears to be slightly better in the 
right kidney. 

Continued improvement of this patient's clinical status was observed dur- 
ing the ensuing weeks. The pattern of the renogram likewise improved as may be 
evidenced by that obtained on January 29. Since that time, there have been two 
more episodes of rejection reaction noted, both of which were less severe than 
that observed in December, 1963. At present, this patient continues to do well. 


SUMMARY 


Abnormal patterns have been obtained at various times following the trans- 
plants. Delayed excretory phase with a gradual depression of the functional peak 
has been the most consistent pattern seen during a rejection reaction. Our inter- 
pretation of the renogram pattern does not always correlate with the clinical 
status. In some cases an abnormal pattern persists despite an improvement in 
urine output and blood chemistries. Continued investigation in man and ani- 
mals as to the value of the renogram in kidney transplants is being carried out. 
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President's Letter 


It is my pleasure to report to you that plans are proceeding apace for the 12th Annual 
Meeting of the Society to be held at the Americana Hotel in Bal Harbour. The dates for the 
scientific program are June 17-19, 1965. The Scientific Program Committee under the able 
Chairmanship of Dr. Merrill Bender of Buffalo, New York has been very active and I believe 
that their program format will be both successful and effective. As you will note on page 
x in this issue, the Program Committee has issued their “First Call for Papers” together with 
appropriate instructions. The scientific program of a scientific society provides an opportunity 
for its members to inform its colleagues of new discoveries, techniques and procedures. There 
is indeed a great deal of basic and clinical research now being conducted within the field of 
nuclear medicine and as scientists its our responsibility to make such information available, 
whether it be presented as a paper at the annual meeting, as a scientific exhibit, or an article 
in the Journal of Nuclear Medicine. 


Dr. Joseph Workman of Baltimore, Maryland will serve as Chairman of the Scientific 
Exhibit Committee. Specific instructions for those who wish to prepare a scientific exhibit 
appears on page xi of this issue. Many who attended the Society’s 11th Annual Meeting in 
California this past June indicated that the scientific exhibits proved to be a real highlight 
of the meeting. Ample space for scientific exhibits will be made available and we urge that 
you consider this graphic approach for presenting new scientific data in the field of nuclear 
medicine. 

Professor G. Failla has been selected as the Nuclear Pioneer for the Society’s Sixth 
Annual Nuclear Pioneer Lecture. Dr. Edith Quimby of New York City has graciously con- 
sented to present the Nuclear Pioneer Lecture honoring Professor Failla. The Society has been 
indeed most fortunate in receiving the acceptance of many world renowned scientists in pre- 
senting the Nuclear Pioneer Lecture Series. Such presentations have become the scientific 
high-point of our annual meetings. 


The Local Arrangements Committee, under the Chairmanship of Dr. Albert Gilson of 
Coral Gables, Florida is hard at work preparing a most interesting calendar of social events 
of interest to both the men and women. More details will appear in subsequent issues of our 
Journal. I urge that all members of the Society, as well as interested non-members, to mark 
their calendars and set aside the third week of June 1965 as an opportunity for relaxation as 
well as continuing education in nuclear medicine. Attractive hotel rates have been arranged 
for the entire family, including your children. 


At the request of the AMA Liaison Committee, it is suggested that society members, who 
are now making plans to either present papers or prepare a scientific exhibit for the forth- 
coming Annual Meeting of the American Medical Association (to be held in New York City, 
June 20-24, 1965) request that their application be included in the Section on Nuclear 
Medicine. The reasons, I am sure, are obvious and will greatly enhance the eventuality of 
such a section being established by the American Medical Association. 


The Society takes this opportunity to wish you and your family a very joyous holiday 
season and a happy and prosperous New Year. 


John U. Hidalgo, M.S., 
President 





Date 
December, 1964 


21-23 


January, 1965 
30-31 


February, 1965 
10-13 


14-15 


16-18 


March, 1965 
1-5 


April, 1965 


CALENDAR OF EVENTS 


Name of Course or Meeting 


International Meeting of Nuclear Energy 


Seminar on Medical Radiation 


Meeting of the American Physical Society 


17th Annual Midwinter Radiological Con- 
ference 


American College of Radiology 


1965 National 
Energy 


Symposium on Atomic 


National Topical Meeting on Nuclear Power 
Reactor Siting 


16th Conference Analytical Chemistry and 
Applied Spectroscopy, Including Expo- 
sition of Modern Laboratory Equipment 


19th Annual Symposium on Fundamentals 
of Cancer Research 


Symposium on Personal Dosimetry for Ac- 
cidental High-Level Exposure to External 
and Internal Radiation 


Symposium on Physics and Chemistry of 
Fission 


Symposium on Advances in Tracer Metho- 
dology 


Southwestern Chapter—Society of Nuclear 
Medicine 


National Topical Meeting on Fast Reactor 
Technology 


American Radium Society 


Conference on Irradiation and Immune Re- 
sponses 


International Conference on Modern Trends 
in Activation Analysis 


Viii 


Place 


Milan, Italy 


Manila, Philippines 


Berkeley, California 


Los Angeles, Calif. 


Philadelphia, 
Pennsylvania 


Tokyo, Japan 


Los Angeles, Calif. 


Pittsburgh, Pa. 


Houston, Texas 


Vienna, Austria 


Salzbourg 


Switzerland 


Dallas, Texas 


Detroit, Michigan 


New Orleans, Louisiana 


London, Eng. 


College Station, 
Texas 





May, 1965 
10-13 


17-19 


June, 1965 


July, 1965 


28-30 


September, 1965 
22-28 


Symposium on Pulse Radiolysis 


National Topical Meeting on Fast Reactor 
Technology 


Symposium of Research on the Middle of 
Neutron Pulses 


International Conference on Application of 
Numbers 
Methods to Problems of Reactors 


Annual Meeting of the Radiation Research 
Society 


IAEA Symposium—Radioisotope Sample 
Measurement Techniques in Medicine 
and Biology 


International Meeting on Working Methods 
in High-Activity Hot Laboratories 


12th International Scientific Congress and 
Exhibition on Electronics and 10th Nu- 
clear Congress 


American Society of Radiologic Technolo- 
gists 


12th Annual Meeting of the Society of Nu- 
clear Medicine 


11th Annual Meeting of the American Nu- 
clear Society 


Joint Symposium on Thermodynamics of 
Materials Relevant to Nuclear Engineer- 
ing Development 


Reactor Operating Experience Meeting 


11th International Congress on Radiology 


Manchester, Eng. 


Detroit 


Karlsruhe, Ger. 


Argonne, III. 


Philadelphia, 
Pennsylvania 


Vienna, 
Austria 


Paris, France 


Rome, Italy 


Chicago, Illinois 


Bal Harbour, Florida 


Gatlinburg, Tennessee 


Vienna, Austria 


Idaho Falls, Idaho 


Rome, Italy 


This Calendar of Events will contain basic information on special courses and meetings of interest to 
members of The Society of Nuclear Medicine. If you desire more complete information, Mr. Samuel N. 
Turiel, Administrator of The Society will be pleased to supply you with the name and address of the 
convening body or sponsoring organization, upon receipt of your request. 
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Tc Pertechnetate for Brain Scanning 


McAfee, J. G.; Fueger, C. F.; Stern, H. S.; Wagner, H. N., Jr. and Migita, T.' 
Baltimore 


Element No. 43, the metal technetium, “the artificial one”, was discovered 
by Segré in 1937. This element was so named because it does not exist in nature. 
All of its nuclides are radioactive. Together with manganese and rhenium it forms 
group VII A of the periodic table of elements, and its chemical behavior is sim- 
ilar to rhenium (1, 5). Similarities have been noted in the biological behavior 
between pertechnetate ions and the halogens, which form group VII B of the 
periodic table. Concentration of pertechnetate in the thyroid of animals was 
demonstrated by Baumann (2). In 1963, the gamma emissions of the nuclide 
Tc*™ were first used clinically for visualization of the liver by scintillation scan- 
ning, following administration and hepatic localization of the parent nuclide 
molybdenum Mo®® (19, 20) Harper et al (10) first administered Tc®*™ paren- 
terally for scintillation scanning of the thyroid gland and later for the localization 
of brain tumors. Since January, 1964, we have used this material routinely for 
brain scanning, because of its ideal physical characteristics. The short physical 
half-life of six hours, the absence of beta emission, and the gamma emission of 
140 kev permitted the administration of large amounts of radioactivity (1 to 10 
mc) without excessive irradiation of the patient. Because of the higher counting 
rates obtained, the statistical variations in count rate were minimized, and the 
technique of brain scanning was much improved compared with older agents 
such as I'3! serum albumin and Hg?** or Hg!** chlormerodrin. 

In this paper, the applicability of Tc®®™ pertechnetate as an agent for brain 
scanning, the tissue distribution in animals, and man, and the relative merits of 
oral vs intravenous modes of administration are discussed. 


MATERIAL 


The Mo*-Tc*™ generator is supplied by the Brookhaven National Labora- 
tory on a regularly scheduled basis (3). 100 or 200 mc quantities of Mo*® are 
adsorbed on a 10 gm chromatographic alumina column in a small, disposable 
lucite tube. Maximum growth of radioactivity of the daughter Tc®™ occurs in 


‘From the Departments of Radiology and Radiological Science, The Johns Hopkins 
Schools of Medicine, Hygiene and Public Health. 
*This work was supported by USPHS Grant No. GM-10548. 
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23 hours. With daily elution of the column, approximately 80 per cent of the 
radioactivity of the parent Mo*® is eluted as Tc®®™. Because the physical half-life 
of Mo* is 2.7 days, each column may be used over a period of about 10 days, 
Since January, 1964, the radiochemical purity of the Mo* generators has been 
greatly improved. The contaminants molybdenum Mo, ruthenium Ru!*, and 
iodine I'*1 are now present in negligible concentrations (17). 


The addition of a small column of Dowex-50-X-8 cation exchange resin to 
the lower end of the generator has reduced or eliminated from the eluate the 
stable sodium and aluminum oxide from the alumina column. 


PREPARATION OF RADIOACTIVE MATERIAL FOR INTRAVENOUS INJECTION 


The Mo*-Tc®™ generator is mounted on a laboratory stand behind a shield 
of lead and lead-glass bricks for protection of the laboratory personnel. Each 
morning, the column is eluted with 20 ml 0.1 N HCl. Only 3 per cent of the total 
Tc*™ activity is eluted with the first 5 ml, but 95 per cent is eluted from 5 to 20 
ml. A preliminary elution of 8 to 10 ml is discarded from each generator after 
arrival, to eliminate radiocontaminants. The HCI reagent is prepared with pyro- 
gen-free water suitable for intravenous injection. 


The eluate is neutralized by slow titration with 1 N NaOH (also prepared 
with pyrogen-free water) until the pH is within the range of 6 to 8, measured 
with pH paper. The neutralized solution is slightly hypotonic, has an approximate 
volume of 22 ml and the eluted radioactivity may range from 20 to 100 mc of 
Tc®™, depending on the age of the column. 


Radioassay must be carried out routinely prior to human use. This may be 
accomplished within two or three minutes, using a large well-type ionization 
chamber and electrometer,! by comparison with a 10 mc standard of Co**. This 
method avoids the necessity of making an accurate dilution of the eluate each 
day for comparison with a weak Co*’ standard in a well scintillation counter. The 
dilution method of assay, however, should be used initially for intercalibration 
of the ion chamber (17). The assay with the ionization chamber should be within 
2 per cent of the assay with a scintillation counter. Calibration with a Lauritsen 
electroscope, using a radium standard, is unsatisfactory, since the assays of tech- 
netium are approximately 30 per cent too high with this method. 


The material is sterilized by autoclaving in a rubber capped 30 cc vial at 
260° F at a pressure of 121 psi for 15 minutes. Alternatively, the material may 
be more quickly sterilized by transfer from one sterile, disposable polypropylene 
syringe to another through a Millipore filter.2 Despite the fact that the technetium 
is carrier-free, negligible amounts of radioactivity become adsorbed to syringes, 
glassware, waxed paper cups, etc. compared with carrier-free radioiodine. 

Preceding the intravenous injection of 10 mc of Tc®®™, the patient is given, 


‘NE 014 beta-gamma ionization chamber and NE 503A electrometer D. C. amplifier. 
General Radiological, Ltd., Nuclear Engineering Division, Middlesex, England. 

*Swinny hypodermic adapter or microsyringe filter holder with autoclaved HA type filter 
(mean pore size .45 1), Millipore Filter Corp., Bedford, Mass. 
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by mouth, 200 mgm of potassium perchlorate dissolved in water. A second dose 
of potassium perchlorate should be given approximately eight hours later, since 
this drug, when used therapeutically, has been administered at 8-hour inter- 
vals (7). On the day following administration, the blood levels of radioactivity 
are so low that additional doses of perchlorate are unnecessary. 


PREPARATION OF MATERIAL AND METHOD OF ORAL ADMINISTRATION 


The reagents used when the technetium is given orally need not be sterile 
or pyrogen-free. The molybdenum generator is eluted with 20 ml of 0.1 N HCl 
without subsequent neutralization. Following radioassay, the vial of pertechnetate 
is placed in a lead pig behind a lead shield, ready for use. 


The patient must be in the fasting state, and no food should be ingested for 
at least two hours following the oral administration. Potassium perchlorate (200 
mgm ) is dissolved in two ounces of tap water in a waxed paper cup and flavored 
with 1/2 oz of syrup of wild cherry. Finally, 10 me of the Tc®™ solution are added, 
the solution stirred, and the patient instructed to drink the material through a 
straw. Immediately thereafter, the patient is given three ounces of tap water that 
has been added to the cup for rinsing. The patient is then asked to drink one 
ounce of sodium bicarbonate solution (3 gms completely dissolved in tap water). 
The total volume of fluid ingested is therefore 6% ounces. A second dose of po- 
tassium perchlorate is administered on the evening following administration. The 
perchlorate is given chiefly for the suppression of gastric secretion of perte- 
chnetate. The bicarbonate is given to temporarily neutralize the gastric acidity 
and to suppress the reduction of pertechnetate ions. 


TECHNIQUE OF BRAIN SCANNING 


In Harper's original technique (10), brain scanning was begun immediately 
following the intravenous injection of the Tc®®™ pertechnetate. In this series, the 
scanning procedure was carried out between one and three hours following ad- 
ministration, because the blood levels were more stable during this interval than 
during the immediate postinjection period. 


With I'*! albumin, the technique of scanning with a three-inch diameter 
Nal (TI) crystal with a 19 hole focusing collimator has become standardized at 
many centers. Following an intravenous dose of 5.5 wc/kg body weight, the aver- 
age count rate over the temporal muscle is approximately 600 cpm and 150 to 
300 cpm over normal brain areas. A linear scanning speed of six inches per 
minute and an index spacing of 3/16 of an inch for each scan line are ordinarily 
used (0.9 minutes/sq in of scanning area). Somewhat lower count rates are 
found three to five hours following the intravenous injection of Hg? chlor- 
merodrin, in doses of 11 we/kg body weight. By employing Tc®™ pertechnetate 
in doses of 10 mc, and the same scintillation crystal and collimator, the count 
rates are increased by a factor of eight to ten following an oral administration, 
and by a factor of 12 to 15 following an intravenous injection. The linear scan- 
ning speed may therefore be increased to 48 to 96 inches/minute; the total scan- 
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ning time can thus be greatly decreased while maintaining the same counting 
statistics. Alternatively, a combination of improved counting statistics and an in- 
crease in linear scanning speed by a factor of two or four may be obtained. When 
scintillation crystals five or eight inches in diameter are employed for scanning 
with Tc" pertechnetate, the sensitivity of detection may be increased further 
by factors of three and seven, respectively. Thus, both the required scanning 
time, and the counting statistics may be greatly improved simultaneously with a 
reduction in patient irradiation dosage. 


RESULTS 


Brain scans using Tc®*™ pertechnetate and an eight-inch diameter sodium 
iodide crystal are shown in Fig. 1. With this scanning agent, the vascular ana- 
tomical structures of the skull are more clearly seen than with previous agents, 
because of the higher levels of radioactivity in the bloodstream. These structures 
include the peripheral activity due to the vascularity of the scalp and superior 
saggital sinus, the temporal muscle activity, the lateral dural sinus in the upper 
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previously. Moreover, no marked difference in diagnostic accuracy has been 
noted in comparative scans between I['*! albumin and Hg? chlormerodrin (15, 
16). The five tumors that were missed by scanning in the present series included 
a grade I temporal astrocytoma, a purely cystic craniopharyngioma, a spongio- 
blastoma of the optic chiasma, one instance of multiple metastases and one 
cerebello-pontine angle meningioma. An additional six patients had presumptive 
clinical evidence of intracranial tumors with positive brain scans and cerebral 
angiograms, but no histological proof. 

Ten patients out of 133 had positive brain scan patterns due to nonneo- 
plastic organic lesions. This incidence of 7.5 per cent is higher than in the previ- 
ous series (14) (5 %). These abnormalities included four instances of acute cere- 
brovascular accident, and one instance each of gross encephalomalacia, subdural 
hematoma, post-traumatic brain damage, meningocephalitis, radioactive gold 
seed hypophysectomy and one frontal lobe seed implantation for heat induction. 
Early in this series, there were six false-positive interpretations in patients whose 
subsequent work-up showed no evidence of organic brain disease. The areas of 
increased radioactivity in these cases were minimal, and in retrospect, were due 


Brain scans with Tc" pertechnetate 

(A and B)—Lateral and posterior projections after IV dose, show no abnormality 
except burr—hole activity in superior frontal region. Note relatively uniform appear- 
ance of normal brain area achieved with average count rate of 45,000 cpm, well 
defined peripheral vascularity of skull, and marked activity in parotid and lacrimal 
glands, and oral cavity. 

(C)—Lateral view one hour after oral dose, shows abnormal localized activity in 
parietal area due to a falx meningioma. Studies performed with 8—inch diameter 
crystal scanner, linear scanning speed 48 inches per minute. 
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merely to prominent superficial cerebral veins close to the superior sagittal sinus, 
usually parietal, or to deep vascular structures posteroinferior to the pineal gland. 
Later in the series, these errors in interpretation were avoided. 


BIOLOGICAL FATE OF TC??™ PERTECHNETATE IN MAN 


The tissue distribution and/or excretion of Tc®®™ pertechnetate was studied 
in 23 patients and triplicate studies were performed on six healthy male volun- 
teers. Following an oral or intravenous dose of 10 mc, the excretion could be fol- 
lowed for a period of only 72 hours, because of the rapid radioactive decay. 

The gastrointestinal absorption and tissue distribution of the labeled perte- 
chnetate is similar in many respects to Iodide I'*'. It becomes concentrated in 
the thyroid, salivary glands, and gastric mucosa. Like iodide (4), pertechnetate 
is most likely secreted by the mucoid cells of the gastric glands, and not by the 
peptic or oxyntic cells; the gastric secretions therefore probably do not closely 


Fig. 2. Abdominal scan three hours following intravenous injection of Tc”™ pertechnetate 
shows high concentrations in stomach and duodenal loop, and even higher concen- 
tration in left colon. 
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Fig. 3. Comparison of blood levels following administration (corrected for physical decay). 
(A)—Tec”™ pertechnetate, intravenously (10 patients) and orally (13 patients). 
(B)—I"' iodide orally (five subjects ) 


Blood volumes were calculated as seven per cent of the total body weight. Mean 
values + one standard deviation. 
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parallel chloride secretions. A fraction of the gastric and salivary secretion is 
reabsorbed in the small bowel, and subsequently excreted by the kidneys. 

The thyroid uptake of this material is maximal one to two hours after ad- 
ministration. Three to four per cent of the administered dose is present within 
the gland at this time, as measured by external counting. The technetium is then 
released from the gland, unchanged, as pertechnetate and at 24 hours, the up- 
take level falls to approximately 0.5 per cent to one per cent of the dose (cor- 
recting for radioactive decay ). Higher thyroid uptake levels occur at one to two 
hours in hyperthyroidism (10). 

A comparison of the blood levels of radioactivity between intravenous and 
oral doses of labeled pertechnetate is shown in Fig. 3A (levels corrected for 
radioactive decay). After intravenous administration, the level falls rapidly at 
first, reaching half the 10 minute level in two hours. The subsequent biological 
half-times vary from five to seven hours. The first effective half-time in the blood- 
stream is therefore 1% hours, and the subsequent effective half-times about 3% 
hours. The fall in blood level after intravenous administration may be approxi- 
mated by a power function only during the first three hours. After an oral dose 
of labeled pertechnetate in the fasting state, the maximal blood levels occur be- 
tween one and three hours. The levels after the third hour are similar to those 
following an intravenous dose. Poor gastrointestinal absorption and resultant 
low blood levels have been observed in the postprandial state, in seriously ill 
patients, and in an estimated 10 per cent of normal individuals. If blood levels 
sufficiently high for brain scanning are not reached within one hour after an 
oral dose, they will not occur later. If aluminum oxide from the molybdenum 
generator is not removed by a cation exchange resin, it may adsorb the tech- 
netium and prevent satisfactory gastrointestinal absorption. In Fig. 3B, it is ap- 
parent that the blood levels following the oral administration of I'*! iodide are 
similar to those of pertechnetate. 

Of the total Tc®®™ pertechnetate activity circulating in the bloodstream one 
hour after injection, an average of 30 per cent is contained in the red cell frac- 
tion and 70 per cent in the plasma. This relative plasma content, however, fre- 
quently varies from 40 to 85 per cent. The proportion of the radioactivity in the 
plasma compared to the red cell fraction tends to fall between one and 24 hours 
after administration. At 24 hours, 50 to 93 per cent of the total blood activity 
may be contained in the red cell fraction (average 24%). The pertechnetate is 
freely diffusible into and out of red blood cells, as demonstrated by serial wash- 
ings in physiological saline. As measured by phosphotungstic acid precipitation, 
an average of 75 per cent of the plasma activity is protein bound. The perte- 
chnetate is apparently not tightly bound to the protein, since only 25 to 35 
per cent of the plasma activity will pass through anion exchange resins, and at 
least 40 per cent is dialyzable against distilled water. By descending paper 
chromatography in 85 per cent methanol, approximately two-thirds of the plasma 
radioactivity remains at the origin and hence is protein bound. Compared with 
other labeled substances which have been used for brain scanning (12), such 
as Hg*®* chlormerodrin, both the level and degree of binding of pertechnetate 
to plasma proteins is relatively low. 
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The effective half-life of labeled pertechnetate was assessed in four individ- 
als by external scintillation counting over various organs for 24 hours and cor- 
elated with the effective half-times determined from multiple blood samples. 
‘he results in two individuals for oral and intravenous administrations are illus- 
rated in Figs. 4A and B, respectively. Regardless of the mode of administration, 
he highest counting rates are observed over the stomach and second highest 
ates over the liver. For both the liver and stomach, the first effective half-times 
ire two hours and the subsequent half-times vary from five to seven hours. When 
hese gastric counting rates are corrected for physical decay, the activity remains 
ssentially constant after the first hour. Hence, there is an apparent equilibrium 
yetween the rate of gastric concentration of pertechnetate, and the passage of 
the gastric secretion into the small bowel. 


A fraction of the gastrointestinal pertechnetate is reabsorbed, but a consid- 
erable fraction accumulates in the large bowel and is excreted in the feces. In 
this respect, it differs from iodide, which undergoes complete intestinal absorp- 
tion. An abdominal scan three hours following the intravenous administration of 
Tc®™ pertechnetate (Fig. 2) reveals the high levels of radioactivity within the 
stomach and duodenal loop, and even higher levels within the splenic flexure and 
descending colon. The in vivo count rate over the thyroid gland closely follows 
that of the parotid glands (Fig. 4). The count rates over all other organs tend to 
merely reflect the levels of radioactivity in the bloodstream. 


Following oral administration in nine subjects, the average urinary excre- 
tion was four per cent at three hours and 25 per cent at 24 hours, three per cent 
during the second 24 hours, and one per cent during the third 24 hour period 
(total 29 %). In 12 intravenous administrations, the average urinary excretion at 
three hours was 12 per cent; at 24 hours, 27 per cent; during the second 24 hours, 
four per cent; during the third 24 hour period, two per cent (total 33%). In dif- 
ferent individuals, however, the urinary excretion varied from 15 to 50 per cent 
in the first 24 hours, and 15 to 58 per cent total for 72 hours. It would appear that 
the rate of urinary excretion of pertechnetate is a direct reflection of the plasma 
concentration. 


The total fecal excretion over a three day interval was even more variable 
than urinary excretion. Although laxatives were given, not all of the radioactivity 
within the large bowel could be recovered for assay. The fecal excretion follow- 
ing intravenous injections varied from 10 to 45 per cent of the administered radio- 
activity. With an oral administration, 30 to 55 per cent of the administered ac- 
tivity was recovered in the stools. For the intravenous administration, the total 
radioactivity recovered in both urine and feces in three days averaged 50 per 
cent of the administered dose (range 28 to 68 %). In contrast, following oral ad- 
ministration, an average of approximately 70 per cent of the administered radio- 
activity was recovered in the stools and urine (range 39 to 88 %). 


Duplicate studies in six volunteers indicated that the fraction of adminis- 
tered radioactivity excreted in the feces could not be reduced significantly by 
the oral administration of perchlorate along with the radioactive pertechnetate. 
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The influence of perchlorate on both fecal and urinary excretion, however, 
should be subjected to further study. 


The possibility that pertechnetate may concentrate in the mucosa of the 
uterine cervix, similar to radioiodine (4) has not been investigated as yet. 
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Fig. 4. Effective half-times of Tc”™ for (A) oral dose, vs (B) intravenous dose in two 
normal subjects, as determined by external scintillation counting and multiple blood 
samples. 
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BIOLOGICAL FATE OF TC??™ PERTECHNETATE IN ANIMALS 


In a metabolic study of Tc® and Tc® in rats (6), 73 per cent of the intra- 
muscular dose was recovered in the urine and 15 per cent in the feces after one 
day. In another study (9), at 48 hours, 80 per cent was recovered in the urine and 
12 per cent in the feces. From four to eight days, 98 per cent or more of the in- 
jected radioactivity could be accounted for in the urine and feces. At 48 hours, 
the highest concentration was found in the gastrointestinal tract, with lesser 
amounts in the skin, kidney and liver. At eight days, the only tissues containing 
measureable amounts of residual activity were the skin, kidney and liver. It 
is possible that the skin radioactivity, like that of radioiodide (4) is peculiar 
to rats and not present in other species. 


In our laboratory, Tc®™ pertechnetate has been found less volatile than 
either radioiodine or radiomercury in vitro. In white mice, negligible amounts of 
injected radiotechnetium were lost in the expired air over a 24-hour period. 


The organ with the highest level of pertechnetate in white mice was the 
stomach (10-12 % of the administered dose/1 % body weight). Ten per cent of 
the injected dose was found within the organ and its contents from one to three 
hours following intravenous injection, and 14 per cent at six hours. The fraction 
of the injected radioactivity in the small bowel increased from 2 to 6 per cent 
from 1 to 6 hours and in the large bowel, from 2 to 9 per cent. The administra- 
tion of perchlorate decreased the gastric concentration of pertechnetate in the 
stomach and contents by a factor of four, but had little effect on the bowel con- 
tent. It is likely that some secretion of pertechnetate occurs in the small bowel, 
analagous to iodide (4). 


In 106 57C black mice with transplantable ependymomas, the tumor and 
tissue concentration levels were measured from one to 24 hours following intra- 
venous injection or oral administration of Tc®®™ pertechnetate. The tumor-to-brain 
concentration ratios were similar to those obtained previously with radiomercury- 
labeled chlormerodrin, but were not as high as for I'*! labeled serum albumin. 
Thus, the tumor concentrations of radiopertechnetate range from 0.5 to 1 per 
cent of the dose/1 per cent body weight and the brain concentration 0.06 per 
cent at one hour, falling to 0.03 per cent at three hours. The tumor-to-brain con- 
centration ratio for pertechnetate ranged from 15:1 to 29:1 (average 22:1). I 
comparison (12), the tumor concentrations of Hg?°* chlormerodrin were 0.4 to 
0.7 per cent of the dose/1 per cent body weight and the brain concentration 
0.02 per cent; the tumor-to-brain concentration ratios of chlormerodrin ranged 
from 22:1 to 29:1. For pertechnetate, no significant difference in tumor-to-brain 
concentration was demonstrated between oral vs intravenous administration. 
Somewhat higher concentration ratios were obtained at three hours compared 
with one hour, because of the fall in brain concentration. Tc®®™ in a reduced 
chemical state (probably TcO.) has proven to be a good radioactive label for 
serum albumin (14). Tc®®™ albumin, however, appeared to be completely unsat- 
isfactory for brain tumor localization, because high tumor-to-brain ratios did not 
occur before physical decay. 
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RADIATION DOSIMETRY OF TC??™ PERTECHNETATE 


Tc®™ pertechnetate is one of the few radioisotopes used in medicine which 
, truly “carrier-free.” Ten millicuries of this radionuclide represent just less than 
011 grams of technetium; therefore, the possibility of chemical toxicity can be 
ompletely excluded. The only factors to be considered in the clinical use of 
‘c*™ are (1) radiation dosage and (2) pyrogen reactions. Because of the short 
hysical half-life of six hours, it is not feasible to carry out routine pyrogen test- 

ig; therefore, the preparation of material for intravenous injection must be car- 
ied out with great care. 

Tc®*™ decays by isomeric transition to Tc®®, a pure beta emitter with a half- 
ife of 2.1 x 10° years. When Tc®™ has decayed completely, 10 mc become only 
.5 pe To. Therefore, the contribution of Tc to the radiation dose may be 
‘ompletely ignored. In the following dosage considerations, it has been assumed 
hat the contaminants, Mo®, Ru’, and I'*! are present in negligible quantities. 

The radiation dosage levels from Tc**™ pertechnetate orally and intraven- 
ously have been considered in detail by Smith (18). Using the biological excre- 
tion and distribution data described in the previous section, it has been calculated 
that the total body radiation dose from 10 mc Tc®*™ in a 70 kg man is only 0.11 
rads, (assuming a biological half-life of three days, I-gamma 0.56 r/mc/hr at 1 
cm and E, 14 kev). This compares favorably with a total body dose of approxi- 
mately 0.4 rads for 375 ye I'*! albumin intravenously, and a total body dose of 
0.18 rads for 750 pe Hg?°* chlormerodrin (15). 

The radiation dose delivered to the thyroid (unblocked by Lugol’s iodine or 
perchlorate) was estimated by Harper (10) to be one rad/10 mc Tc®™ per- 
technetate. This dose was much less than the estimated 150 rads/100 pe of I'*! in 
the form of iodide (8). 

The calculated radiation dose to the blood is no higher than the total body 
dose. For comparison, the dose delivered to the bloodstream from 375 pe I'*! 
albumin intravenously is approximately two rads. 

Following intravenous injection of 10 mc Tc®™ pertechnetate, the estimated 
dose to the gastric mucosa is 0.4 rads (assuming 10% of the administered dose is 
concentrated in the stomach, and biological T % = physical T %, g factor for 
stomach = 3). For an oral dose of similar activity in 250 cc of solution, an addi- 
tional 0.4 rads for the direct irradiation of the gastric mucosa from the ingested 
material must be added (assuming a gastric emptying half-time of 30 minutes ). 
The estimated total gastric dose from oral administration of 10 mc is therefore 
0.8 rads. This compares favorably with a gastric dose of 2.1 rads for 100 pe of 
I"! jodide (8). 

The radiation dose to the liver from the same activity of Tc®™ pertechnetate 
is about 0.7 rads (assuming from animal data that 3.7% of the administered ac- 
tivity is contained in a 1,700 gm liver, g factor = 70, biological T % = physical 
T%). 

The “critical organ” which receives the highest radiation dosage from an 
administration of Tc®®™ perchlorate is the large bowel, regardless of the mode 
of administration. Using a revised version of the ICRP model of the gastroin- 
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testinal tract (11), the mucosa of the large intestine receives an estimated 2.] 
rads/10 mc orally (assuming 50% of the dose is excreted in the feces). For an 
intravenous dose of similar magnitude, the dose is probably one-half to two- 
thirds of the oral value, depending on the variable fractions of radioactivity ex- 
creted in the urine and feces. In the event that gastrointestinal absorption should 
completely fail to take place following an oral dose, the dose to the mucosa of 
the large bowel would become double the above value. This dosage received 
by the “critical organ” is small compared with the renal dose of 165 rads from 
750 we Hg?°* chlormerodrin, or 13 rads from 750 »c Hg'®* chlormerodrin (15). 


The gonadal radiation dose for both males and females should ordinarily 
not exceed the total body dose. Using MclIntyre’s criteria (13) for maximum 
irradiation of the right ovary, the dose could attain a level as high as one rad if 
no absorption of pertechnetate occurred in the gastrointestinal tract after an oral 
administration, and if the entire gastrointestinal activity became concentrated in 
a single fecal bolus 3.7 cm away. 


CONCLUSIONS 


In a series of 133 patients Tc**™ pertechnetate produced significantly better 
brain scans technically than the older agents I'*! albumin or Hg*®* chlormerodrin. 
Although clinical experience with this agent is still limited, it would appear that 
certain tumors frequently missed with older agents, such as low grade astrocyto- 
mas and suprasellar cysts, may be missed also with pertechnetate. The concen- 
trations of this material in transplantable gliomas and normal brain tissues of 
mice were similar in magnitude to those obtained with the older agents. 


The superiority of the labeled pertechnetate appeared to be due entirely 
to its physical characteristics, i.e. essentially monoenergetic gamma _ emissions 
of 140 kev, absence of beta emission, and short physical half-life of six hours. 
These characteristics permitted the administration of relatively large doses of 
10 mc and a significant reduction in the procedure time; yet the radiation doses 
were kept below the levels obtained with other agents. 


The radioactive preparation is easily obtained on a daily basis from a com- 
mercially available Mo**-Tc**™ generator. In this laboratory, the intravenous 
mode of administration is preferred over the oral, although both methods of ad- 
ministration have been tried. The intravenous method produces more consistent 
results, somewhat higher count rates with the same amounts of radioactivity 
administered, and slightly lower fractions of the administered radioactivity are 
excreted in the feces. The oral route, however, may be preferred at other institu- 
tions when immediate sterilization of the radioactive material cannot be carried 
out conveniently. By the oral route, satisfactory gastrointestinal absorption can 
be obtained in approximately 90 per cent of all patients. Furthermore, with oral 
administration, pyrogen-free reagents need not be used, and the volume of 
the eluate is not critical. 


It is hoped that in the near future the use of this radionuclide can be further 
simplified by the development of an automatically timed elutor-titrator. 
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Determination of Protein-Bound Iodine (PBI) In Human 
Plasma by Thermal Neutron Activation Analysis’ 


Edward M. Smith, James M. Mozley and Henry N. Wagner, Jr.’ 
Baltimore 


In this communication, we shall attempt to demonstrate that thermal neutron 
activation analysis is a precise and rapid method for measuring the protein-bound 
iodine (PBI) concentration in human plasma. In its present form, the procedure 
is not economically competitive with the chemical methods, but further de- 
velopment, including automation, would make it so. Furthermore, the finding of 
a systematically higher value by the neutron activation analysis method when 
compared to the Barker chemical method is consistent with the viewpoint that 
other PBI compounds, in addition to iodothyronines, may be present normally 
in plasma. 


Chemical procedures currently used for determining PBI are technically dif- 
ficult and subject to the problems of contamination from beginning to end. 
Acland (1) has reviewed the various chemical methods of determining the PBI 
and has discussed the difficulties associated with each. 


Kellershohn et al (6) utilized thermal neutron activation analysis to eli- 
minate the colorimetric determination of iodine as a final step in the chemical 
procedure, but the method remained technically complex. 


In the present study, a sample of human blood plasma is passed through an 
ion-exchange column to remove greater than 99 per cent of the cations and 
anions normally present. The column effluent containing the PBI is then irradiated 
together with iodide standards in a nuclear reactor. After the irradiation is com- 
plete, major radiochemical contamination (Na?*, Cu®, N18, A‘! and Cl8§) in the 
activated plasma is removed by stable isotope dilution and differential precipita- 
tion. The induced I'*8 activity in the sample and iodide standards is measured 
The residual radioactive contamination (Cu, N'*, and Cl**) is eliminated by 
gamma-ray spectrometry. The iodide concentration in the final samples is deter- 
mined by comparing the I'28 radioactivity to the activity in the iodide standards. 


*The Johns Hopkins Medical Institutions. 
*This project was supported in part by USPHS Research Grant No. A-6155. 
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EXPERIMENTAL 


re-irradiation Treatment: Dowex 1 x 8 (50-100 mesh) resin in the chloride 
orm is converted to the acetate form; Dowex 50W x 8, 50-100 mesh resin in 
he hydrogen form is converted to the ammonium form. The resin column is 
nade of glass tubing 1 cm, id., and the lower orifice of the column is 0.5 to 
|.0 mm? in area. The size of the orifice is not critical since the flow rate through 
he column is determined primarily by the resistance of the resin bed itself. Glass 
vool is placed in the bottom of the column to support the resin bed. In the 
inal step in preparation of the column one hundred ml of 10 per cent ammonium 
icetate solution is passed through the column followed by 50 ml of demineralized 
listilled water. 

A 10 ml heparinized plasma sample is obtained from each subject. Dupli- 
cate 5 ml aliquots are pipetted onto two resin columns. The optimal flow rate 
is 2 to 3 ml per minute. The initial effluent is not collected; immediately after 
the water displaced by the plasma has drained off, 3% ml of demineralized dis- 
tilled water is pipetted onto the resin bed. The resultant 2% ml of effluent is col- 
lected in a 3 ml disposable Lusteroid tube. The Lusteroid tube is sealed with 
a polyethylene cap, and made water proof by dipping the top of the tube in 
molten paraffin. 

The 5 ml plasma sample saturates the resin column. The demineralized dis- 
tilled water is used to wash the plasma off the column. The PBI concentration in 
the first 3 ml of the column effluent is constant; 2% ml of demineralized distilled 
water is used to accommodate the size of the irradiation container. 

At this stage, the concentration of the PBI in the eluate is 85.8 per cent 
(+ 2.9%, relative standard deviation, 25 determinations) of that in the original 
plasma. This reduction in PBI concentration is due to the adsorption of it on 
the resin. These values were obtained using plasma to which radioactive ['*!- 
thyroxine (Abbott Laboratories) was added prior to passing through the 
resin column. Similar values were obtained when the PBI determination was 
performed by the chemical method (Bio-Science Laboratories) on identical 
samples before and after passage through the resin column. 

Reagent grade NH,I was dissolved in demineralized distilled water is pre- 
paring iodide standards. Cupric nitrate and NH,Cl solutions were also irradi- 
ated for use as standards in the gamma-ray stripping procedure (see below). 

Samples and standards were placed in 100 mi Lusteroid tubes and _ ar- 
ranged in two tiers each containing four samples and an iodide standard 


(Fig. 1). 


Irradiation: The samples were irradiated for approximately 50 min at a thermal 
neutron flux density between 1 and 2 x 10'' neutrons/cm?-sec. There was no 
apparent neutron flux density variation within a tier of samples; however, there 
was a significant variation between tiers. This necessitated an iodide standard 
in each tier to evaluate the samples. The problem of self-shielding of the 
samples was found to be insignificant. 

In Fig. 2 serial gamma-ray spectra are shown for a 1 ml plasma sample 
that has been passed through the resin column, irradiated, and then counted 
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Fig. 1. Samples prepared for activation. 
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with no post irradiation chemistry. Argon‘! is present due to the dissolved air 
in plasma. Nitrogen’ results from the n,2n reaction on N'*. 

Post Irradiation Chemistry: Post irradiation chemistry was completed as rapidly 
1s possible since the half-life of the product radionuclide, I'**, is 25 minutes. 
A 2 ml aliquot of each sample is pipetted into a Lusteroid counting tube. This 
step is the only quantitative transfer in the procedure. The use of a blowout 
pipette is necessary since the viscosity and surface tension of the plasma 
changes significantly as a result of radiation damage. 
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The following reagents are added serially: 0.1 ml-IN NaHSO,, 1 ml- 
0.04 meq I as Nal/ml in 1M NaNO,, 1 ml-12N HCl, 2 ml-5% trichloroacetic 
acid (TCA) and 2 ml-0.1N.AgNO,. The rods remain in each tube throughout 
the rest of the procedure to insure that no precipitate is lost. Wooden stirring 
rods are used so that they may remain in the Lusteroid tube during the cen- 
trifugation steps. 

The samples are heated in boiling water for one minute, and then cooled 
to prevent deformation of the tubes during centrifugation at 2,000-3,000 rpm 
for 5 minutes. The precipitates are washed twice with 3-5 ml of 54 TCA in 1N 
NaNO.. After the supernates from the last washing are decanted, the outsides 
of the counting tubes are wiped with absorbent tissue prior to counting. Re- 
moval of the samples from the reactor and postirridation chemistry, requires 
slightly less than 30 minutes. 

The hydrochloric acid hydrolyzes the plasma proteins liberating any protein- 
bound cations, such as copper, and also provides 12 meq of chloride carrier. The 
TCA denatured proteins act as a mat for the small mass of silver halide pre- 
cipitate. Since AgI is more insoluble than AgCl, the AglI will be precipitated 
first. Silver iodide and AgCl are precipitated by the addition of 0.2 meq of 
AgNO.,. To decrease the amount of Cl1** precipitated, 12 meq of chloride are 
added. Thus by isotopic dilution the amount of Cl** precipitated is decreased by 
approximately a factor of 60. 

The silver iodide and silver chloride precipitate is heated in boiling water 
to promote coagulation and facilitate rapid settling of the precipitate during 
centrifugation. The supernatant liquid contains a major fraction of the radioactive 
contaminants, A*!, Na?*, CI®8, Cu®t and N®. 


Measurement of Induced Radioactivity: The gamma activities of the samples and 
standards are measured in a shielded 2% in x 2% NaI(T1) well crystal-photomul- 
tiplier tube assembly connected to a Nuclear Data 512 multichannel pulse height 
analyzer having IBM computer typewriter digital readout and an analog type 
oscilloscope display. The use of a well crystal is essential if one is to obtain a 
significant 1.02 mev annihilation photopeak which is needed for the spectrum 
stripping procedure. 


Spectrum Stripping: Post irradiation chemistry has eliminated the major portion 
of the radioactive contaminants except C1** and two positron emitters, Cu®* and 
N!8, Before the I'?8 can be determined, the Compton contribution from the 
gamma-rays of residual C1** and annihilation radiation must be subtracted from 
the 0.45 mev photopeak of I'*8, This is done by “spectrum stripping”. Figure 3 
is the gamma-ray spectrum of a plasma sample at various stages in the post 
irradiation treatment. 


Calculation of PBI: The net counts in the 0.45 mev photopeak of the stripped 
gamma-ray spectrum of the plasma sample, are compared to the net counts in 
the 0.45 mev photopeak of the iodide standard, and the PBI calculated. A cor- 
rection is made for the loss of PBI (approximately 15%) during the first step, 
passage through the resin column. 
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RESULTS AND DISCUSSION 


Precision: The PBI was determined on 9 aliquots of the same plasma sample. 
The mean of these determinations was 6.84 »g/100 ml with a standard deviation 
of 0.45 »g/100 ml, and a relative standard deviation of 6.8 per cent. 

The mean difference between duplicate determinations on 43 plasma sam- 
ples was 0.31 »g/100 ml with a standard deviation of 0.24 »g/100 ml. The data 
are presented graphically in Fig. 5. 

To determine whether the random error between the activation analysis 
technique and the chemical procedure is of the same order of magnitude as the 
random error between two laboratories using the same chemical procedure, the 
following study was performed. The PBI was determined on 48 human plasma 
samples by the Bio-Science Laboratory and our laboratory using the activiation 
analysis procedure. The PBI was also determined on 29 human serum samples 
by the Bio-Science and Bio-Analytical Laboratories using the modified Barker 
chemical method (8). The ratio of the standard deviation of the mean difference 
for the value of the PBI between two laboratories over the mean value of the 
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PBI should be indicative of the random error between the two laboratories. The 
mean difference between the activation analysis method and the modified Barker 
‘hemical method as performed by the Bio-Science Laboratory on 48 plasma 
samples was 1.80 »g/100 ml. The standard deviation of this difference is 0.79 
.g/100 ml, and the mean value of the results of the two laboratories is 7.07 
ug/100 ml. For the 29 determinations of the PBI performed by the two com- 
mercial laboratories using the chemical method, the mean difference was 
0.05 »g/100 ml. The standard deviation of this difference is 0.57 »g/100 ml, and 
the mean value of the results of the two laboratories is 5.65 »g/100 ml. The ratio 
for the Bio-Science Laboratory and our laboratory is 0.111 and the ratio for the 
two commercial laboratories is 0.101. 

The relative standard deviation of the net I'** counts was between 3 to 6 
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per cent, which includes the statistical errors introduced in the gamma-ray 
stripping procedure, for a four-minute counting period when the sample was 
counted within the first 80 minutes after the end of the irradiation. 

Recovery Study: A 500 ml blood sample was obtained from a single donor. Four 
35 ml fractions of the plasma were transferred to separate containers. Two ml 
of thyroxine in 1% albumin with different thyroxine concentrations lying between 
0.68 and 5.39 »g/100 ml were added to each container. Each of the fractions 
were analyzed in quintuplicate by the activation analysis method and in dupli- 
cate by the Bio-Science Laboratory (modified Barker method). Nine aliquots of 
the original plasma sample, without added thyroxine, were analyzed by the 
activation analysis method and 3 aliquots by the chemical method to serve 
as controls. The quantity of iodine recovered was calculated by subtracting the 
average value of the PBI of the control from the average value of the PBI for 
fractions A, B, C and D for both the activation analysis and chemical methods. 
The results are, presented in the Table. 

The fraction of the added thyroxine recovered was acceptable in all cases. 
The value of the PBI by the activation analysis method for each fraction of the 
plasma, including the control, was consistently about 2 »g/100 ml higher than 
the corresponding value obtained by the chemical method. 

Comparison of the Activation Analysis Procedure to the Chemical Procedure: 
Forty-eight blood samples were collected from patients who were to have the 
PBI determination performed. An aliquot of the plasma sample from each was 
sent to the Bio-Science Laboratory to have the PBI determined by the modified 


TABLE—RECOVERY STUDY 


Activation Analysis Method 











| 
Average | ug [/100 ml | ug I/100 ml 























Fraction | PBI (ug I/100 ml) | Added as Thyroxine | Recovered 
Control | 6.84 | —— | — 
A | fs-¥f | 0.68 | 0.73 
B | 8.09 | 1.35 | 1.25 
C | 9.85 | 2.70 | 3.01 
D 11.88 | 5.39 | 5.04 
| ; | 
Chemical Method 
| | 
Control | 4.67 was | — 
A | 5.15 0.68 0.48 
B 6.2 1.35 1.53 
. | 7.4 2.70 2.73 
D | 10.2 5.39 5.53 
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Barker method (3) and an aliquot of each plasma sample was used to determine 
the PBI by activation analysis. The results of these determinations are shown 
in Fig. 5. 

The activation analysis method gave a consistently higher value than the 
chemical procedure. The 95 per cent confidence interval for the slope, b, is: 
0.946 to 1.232. A slope of unity is included in this interval. There was a syste- 
matic difference between the two procedures which appeared to be constant, 
i.e. the difference was independent of the value of the PBI, within the range 
of PBI values studied. The range of the activation analysis determinations was 
4.6 to 12.6 »g/100 ml, and the range of the chemical determinations was 3.5 to 
10.2 »g/100 ml. Several experiments were performed to determine whether 
their systematic difference could be attributed to errors in the activation analysis 
procedure. 

To determine whether the inorganic iodide was getting through the resin 
column, a plasma sample was tagged with I'*! as NaI, and various concen- 
trations of iodide were added. The fraction of the added iodide remaining in 
the plasma after passage through the resin column was 2 X 10* and was inde- 
pendent of the concentration of iodide added to the plasma over a wide range 
of iodide concentrations (0.012 pg/ml to 1400 »g/ml). 

After post irradiation chemistry and gamma-ray stripping are completed, the 
net counts in the I'* region of the gamma-ray spectrum of a sample should arise 
from only disintegrations associated with I'**. If this is not the case then the 
post irradiation treatment has not produced radiochemical purity in the I'** re- 
gion, and would give rise to erroneously high values of the PBI. To determine 
whether radiochemical purity was achieved by the post irradiation treatment, 
samples which had undergone post irradiation chemistry were counted several 
times, and the net counts in the I'** region were calculated. The net I'** counts 
were plotted on semi-log paper versus time after irradiation plus one-half the 
counting time. The net counts in the I'** region of the samples decayed at a rate 
following the 25 min half-life of I'** for a period of time (approximately 80 min) 
during which the samples were normally counted, indicating that adequate radio- 
chemical purity was achieved. 

The possibility of iodide contamination prior to the activation step was 
evaluated. A demineralized distilled water sample was used in place of the 
plasma sample, and it was treated as such in all of the steps of the procedure. 
The magnitude of the reagent blank was always less than 0.2 ng 1/100 ml with a 
relative standard deviation of the order of 50 per cent. 

Bowen (4) and other investigators have reported that halides made radio- 
active may become adsorbed on the walls of the container in which they are 
irradiated. This is due to the highly reactive state of the activated halide, and 
the large kinetic energy they have acquired as a result of the neutron capture 
reaction. An experiment was carried out to determine if the phenomenon were 
of importance in explaining the high results by adsorption in the standards under 
the irradiation conditions used in determining the PBI. The surface area of the 
material of the irradiation container was deliberately increased since the phe- 
nomenon would be more pronounced, by addition of strips of Lusteroid to the 
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irradiation container to increase the surface area presented to the iodide solu- 
tion during the irradiation period. The samples were then processed in the regu- 
lar manner. These results indicate that adsorption of I'** to the walls of the 
irradiation container does not occur under the irradiation conditions used in 
determining the PBI. 


There are no interfering nuclear reactions producing I'** in plasma. 


The radiochemical recovery was evaluated by tagging plasma with [!*!- 
thyroxine, and determining the ratio of I'*' activity in an irradiated plasma 
sample before and after post irradiation chemistry. The results indicate the radio- 
chemical recovery is better than 98 per cent. 


In view of our failure to find a technical error as a possible reason for the 
higher values of PBI that we obtained, our findings suggest that there may be 
another iodine-containing constituent in plasma that is not measured by the 
Barker alkaline ash method. 


Pileggi, Segal and Golub have recently reviewed the controversy concern- 
ing the final elucidation of the chemical nature of blood iodine in normal persons 
(11). These authors failed to find detectable amounts of thyroxine precursors, 
monoiodotyrosine and diiodotyrosine, in normal human serum. However, they 
did find that between 6 and 11 per cent of the PBI in normal subjects could 
be eluted from a chromatographic column in a region distinct from thyroxine. 


Further study in this laboratory is being directed to elucidating the possible 
source of the additional PBI detectable by activation analysis. 


SUMMARY 


Neutron activation analysis was found to be a precise method for measuring 
PBI in plasma. Passage of human plasma through ion exchange resins in the 
ammonium acetate form prior to neutron activation removed greater than 99.9 
per cent of the inorganic iodide as well as most other inorganic ions. Neutron 
bombardment of the treated plasma in a nuclear reactor with a flux density of 
approximately 10'! thermal neutrons/cm? sec activated I!** to the radioactive 
isotope I?*. After irradiation, major radiochemical impurities were eliminated by 
simple radiochemical techniques (stable isotope dilution and differential pre- 
cipitation ). The induced I'*8 radioactivity was measured and compared to ac- 
tivated iodide standards by gamma-ray spectrometry using spectrum stripping 
to eliminate interference from remaining radioactive contaminants. The activa- 
tion analysis technique yielded results which were systematically 1.8 »g/100 ml 
higher than the Barker chemical method although thyroxine recovery studies 
run on both procedures were identical. This systematic difference could not be 
attributed to any systematic error in the activation analysis procedure indicating 
this technique may be measuring an additional iodine component of plasma 
such as iodotyrosines. Advantages over chemical methods of measuring PBI are 
elimination of the protein digesting step, elimination of the reagent blank and a 
reduction in the problem of iodine contamination. 
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Persistent Chromosomal Aberrations 
Following Radioiodine Therapy’ 


Mohamed M. Nofal, M.D. and William H. Beierwaltes, M.D.” 
Ann Arbor 


Significant chromosomal abberrations have been demonstrated in white blood 
cells following radiation from x-rays and from radioisotopes (1). 

In 1960, Tough et al reported the presence of chromosomal abnormalities in 
peripheral leukocytes of two patients given x-ray therapy to the spine for anky- 
losing spondylitis (2). Buckton et al showed that these abnormalities persist for 
as long as 18 years after x-irradiation (3). 

Bender and Gooch demonstrated persistent chromosomal damages in leuko- 
cytes of eight men, two and one-half to three and one-half years after accidental 
whole body exposure to mixed gamma-ray and fission neutrons with absorbed 
doses calculated to vary from 22.8 to 365 rads (4,5). 

In 1961, Boyd et al found acute chromosomal effects in the leukocytes of 
four patients treated for thyrotoxicosis and two treated for thyroid cancer with 
different doses of I'*! ranging from 7-150 mc (6). MacIntyre and Dobyns re- 
ported abnormalities persisting in the leukocytes of one patient about six years 
after exposure to a total of 475 mc of I'*! and 400 r of x-irradiation (7). Numerous 
abnormalities of number and structure of chromosomes were observed in this 
patient at frequent intervals during the next 14 days after an additional dose of 
167 mc of I'*1, Abnormalities have also been described after diagnostic doses of 
x-irradiation (8,9). 

We have studied the abnormalities induced in chromosomes of peripheral 
leukocytes for periods up to 14 years after I'*! treatment of hyperthyroidism and 
thyroid cancer. This study was designed to investigate the possible correlation be- 
tween the incidence or degree of induced chromosomal abnormalities occurring 
acutely or chronically after I'*! therapy and the development of any possible 
late hazardous effect, especially in the hemopoietic system. 


MATERIAL AND METHODS 
Patient material 


Four groups of subjects were studied. Group I. 21 controls, 18-78 years of 
age, having no history of irradiation or thyroid disease and matched for age and 
sex with Group II. 


*This investigation was supported by USPHS Research Grant No. 5T1 CA-5134-02 and 
No. CA-05174-04 from the National Cancer Institute. 

*From the Department of Internal Medicine (Nuclear Medicine Unit) University of Mich- 
igan Medical School, Ann Arbor, Michigan. 
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Group II. 48 patients 24-79 years of age, studied 3-14 years after I'*! treat- 
ment for hyperthyroidism; the total dose of I'*! ranging from 8-54 me. 

Group III. 11 hyperthyroid patients, 27-61 years of age, studied before and % 
hour after 8.3—12.7 me of I!*1. 

Group IV. 11 thyroid cancer patients, ranging in age from 16-49 years, treated 
with doses of I'*1 between 150-200 mc. These patients were also studied before 
and at different intervals following the therapy dose (%, 2, 24 and 48 hours). 


Leukocyte culture 


The technique used for white blood cell culture was essentially of Moorehead 
et al (10). Ten ml of heparinized blood was centrifuged and the “buffy coat” and 
serum cultured in 10 ml culture medium,! 0.5 ml bactophytohemagglutinin M, 
1000 units penicilin G and 1.0 mg streptomycin. After incubation for 66 hours at 
37°C, 0.3 ml coleemid (10-7M) was added to each culture, the cultures were 
incubated for four more hours, then sacrificed. The contents of the cultures were 
then mixed thoroughly and centrifuged. All but the bottom 0.5 ml of supernatant 
were discarded and this was resuspended in 5.0 ml Hanks solution, centrifuged, 
and the supernatant removed. Cells were then resuspended in 5 ml distilled water 
at 37°C for 10 minutes, centrifuged and the supernantant removed. To the “but- 
ton” of cells left, 5 ml of fresh fixative was added for 30 minutes (absolute 
methanol and glacial acetic acid 3:1). The fixed button was washed three times 
with fixative and then the cells were resuspended in 0.5 ml. One or two drops 
of cell suspension were then placed on clean chilled slides which were dried first 
by fan then by flame. After drying overnight, slides were stained in 2% aceto- 
orecin for 20 minutes and then mounted in mounting medium.” 

In order to avoid radiation during culture in patients given large doses of 
I'81, only the buffy coat and top mm of erythrocytes were withdrawn from the 
serum and used for culture. Control sera with added [*! in concentration of 0.4 
pc/ml, stimulating the concentration found in sera within two hours after a treat- 
ment dose of I'*! for hyperthyroidism also served as controls for the effect of 
I'*! irradiation of cells during culture. 

All patients had complete blood counts performed at the time of the culture 
of leukocytes. 


RESULTS 


Coded slides were scanned for the presence of mitotic figures, without knowl- 
edge of their origin. Chromosomes were then analyzed for any abnormality in 
number or structure. Fifty countable metaphases were considered necessary 
for scoring in each culture, but in many cases 100 cells were counted. Doubtful 
cases were scored as normal. 

Observable abnormalities were scored and recorded. Less obvious ab- 
normalities were photographed and karyotypes prepared according to the Denver 


*TC 199—Difco Laboratories. 
*Euparal—Flatters and Garnett Ltd. 
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classification (11). Chromosomes were grouped according to their length and 
the arm ratio, into 22 somatic pairs and one sex pair, as shown in Fig. 1. 

Group I: Table I shows the chromosome count distribution (a) and the 
chromosomal aberrations (b) recorded in the control group. 

Ninety-seven per cent of all cells counted had a modal count of 46 chromo- 
somes. The only type of aberration observed in this group was achromatic lesions 
in 14 per cent of cases, present only as 2 per cent or less of the cells counted 
(chromatid type ), as shown in Table Ib. 

Group II: As shown in Table II, in patients treated 3-14 years previously 
for hyperthyroidism, 93.9 per cent of cells counted had a normal chromosome 
count. Twenty-one per cent of the 48 patients studied in this group had achro- 
matic lesions of more than the 2 per cent incidence observed in the control group. 
Group II patients also showed an abnormal incidence of chromatid deletions, 
chromosome deletions, dicentrics and breaks, as shown in Table IIb. 

Group III. The chromosome count' distribution in 11 hyperthyroid patients 
immediately after treatment showed an incidence of 95.5 per cent modal count as 
compared to 98.1 per cent before therapy (Table IIIa). The chromosome aber- 
rations were significantly increased in the post therapy samples as compared to 
the pre-therapy ones (Table IIIb). 

Group IV: In the 11 thyroid cancer patients, the modal chromosome count 
was 94.3 per cent % to 2 hours and 90.9 per cent 24 to 48 hours after the ['*! 
dose as compared to 96.3 per cent before treatment (Table IVa). All types of 
chromosomal aberrations were more strikingly increased as shown in Table IVb, 
especially in the 24-48 hour samples. 

No significant hematological abnormality was observed in the blood count of 
any of these patients. None of the patients other than those treated for thyroid 
cancer had neoplastic disease at the time of this study. 
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Fig. 1. Normal karotype of female patient; constructed by “Paste-up” method, according to 
Denver Classification. 
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TABLE I[ 


a—CHROMOSOME COUNT DISTRIBUTION IN 21 CONTROLS 








Chromosome Count | <44 45 47 48 | Polyploids 





Number of Cells 
Counted 10 941 





Percentage 1.0 : ; 96.6 


























b—CHROMOSOME ABERRATIONS IN 21 CONTROLS 








Type Number of Cases Percentage 





Achromatic Lesions 3 
(2% or less) 


Chromatid Deletions 0 
Chromosome Deletions 
Dicentrics 


Breaks 











Fig. 2. Karotype of patient treated with 54 mc of I™ in 1954, showing a 45 chromosome set; 
missing chromosome is in pair 19. (arrow). 
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DISCUSSION 


Our data demonstrate that there is a higher incidence of nonmodal chromo- 
some counts in the patients treated for hyperthyroidism with I'*' up to 14 years 
previously as compared to the control group (Group II vs Group I), p value = 
0.001 (Chi Square test ) 

Group III and IV patients served as their own controls since their blood was 
analyzed before and shortly after the I'*! therapy doses. Here, again, the Chi 
Square test showed a significant difference in the modal chromosome count be- 
fore and after treatment, (p value 0.01 in Group III and 0.005 in Group IV). 

The highest incidence of aneuploidy in the I'*! treated groups was found in 
the 45 chromosome sets (Fig. 2) with an abnormal incidence of polyploidy (Fig. 
3). However, it is probable that counts lower than 46 may be due to cell break- 
age during preparation as a result of hypersensitivity of the irradiated cells to 
osmotic and mechanical stress (5). 

Several kinds of chromosomal aberrations could be induced by radiation as 
shown in the tables. If the chromosome is broken after duplication, a chromatid- 


TABLE II 


a—CHROMOSOME COUNT DISTRIBUTION IN 48 HYPERTHYROIDS 
TREATED 3-14 YEARS PREVIOUSLY 


Chromosome Count <44 | 











Number of Cells | 
Counted 


Percentage 





b—CHROMOSOME ABERRATIONS IN 48 HYPERTHYROIDS TREATED 
3-14 YEARS PREVIOUSLY 








Type Number of Cases | Percentage 





Achromatic Lesions > 2% 10 | 20.8 
Chromatid Deletions 4 8.3 
Chromosome Deletions 


Dicentrics 





Breaks 
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‘ype lesion is produced (one of the two chromatids affected). If, on the other 
,and, the effective hit occurred before duplication, then chromosomal aberrations 
vill appear in the next division (both chromatids affected ). Thus chromatid-type 
iberrations (achromatic lesions or gaps and chromatid deletions) can occur 
luring the short-term leukocyte culture, while chromosome-type aberrations 
chromosome deletions, dicentrics and breaks) are induced in the circulating 


TABLE III 


a—CHROMOSOME COUNT DISTRIBUTION IN 11 TREATED HYPERTHYROIDS 








| | | 
Chromosome Count | <44 | 44 45 46 47 48 | Polyploids| Total 
| | | | | 





3EFORE THERAPY 
Number of Cells | | | | | 
Counted | 510 0 | 520 








Percentage | O21 iS] ee] oe 2 | 100% 











| | | 
20-30 MIN AFTER THERAPY 
Number of Cells 


Counted 2 


| 
| 20 | 548 


Percentage | 0.3 | 3:3 | 9.2 | 6.3 
| 




















b—CHROMOSOME ABERRATIONS IN 11 TREATED HYPERTHYROIDS 








Before Therapy 20-30 Min After Therapy 





Number of Number of 
Cases Percentage Cases Percentage 








Achromatic Lesions > 2% 9.1 
Chromatid Deletions 0 
Chromosome Deletions 
Dicentrics 


Breaks 
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TABLE IV 


a—CHROMOSOME Co 








Chromosome Count 





BEFORE 
THERAPY 
Number of 
Counted Cells 


Percentage ) 0.4 24 


14-2 HOURS AFTER THERAPY | 
Number of | | | | 
Counted Cells | | 6 | 13 519 | 0 | 


Percentage 7) 1.1 | 2.4 | 94.3 | 0 





| 


24-48 HOURS AFTER THERAPY | 
Number of | 
Counted Cells | O | 8 | 18 409 6 
8 | 


| 
| | 
| 


4 | 90.9 


Percentage | 0 | 1.8 





b—CHROMOSOME ABERRATION IN 11 CANCER THYROID PATIENTS 








14-2 Hours After 24-48 Hours After 
Before Therapy | Therapy Therapy 





Number of Number of Number of | 
Cases | Percentage | Cases _ | Percentage Cases | Percentage 
| 


Achromatic 
Lesions > 2% 





Chromatid 
Deletions 


Chromosome 
Deletions 





Dicentrics 0 5/8 








Breaks 0 0 








CHROMOSOMAL ABERRATIONS FOLLOWING RADIOIODINE THERAPY 


POLYPLOIDY (4) 


Fig. 3. Cell from patient treated with 11.9 mc of I" in 1956, showing tetraploidy. 








I 


Fig. 4. Achromatic lesion detected in patient treated with total dose of 42 mc of I" in 1960. 








848 NOFAL AND BEIERWALTES 


leukocytes (4). One-hit aberrations were considered to be the result of single 
chromosome breaks; while two-hit aberrations produced by the interaction of 
two chromosome breaks were manifested as dicentrics. Chromatid-type lesions 
(Figs. 4 and 5) tend to be either lost completely or later involve the whole 
chromosome after the first division. 







Gy 8 te on ve 


ma @t VV wv 


Fig. 5. Karyotype of patient treated with 200 mc of I showing achromatic lesion (pair 8) 
in 45 chromosome set. 





Fig. 6. Dicentric chromosome detected in patient treated with 12 me of I'* in 1957. 
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Chromosome aberrations (Fig. 6) and some of the later chromatid aber- 
rations are either lost, if lethal, or may persist for long periods in the hemo- 
poietic cells which give rise to the circulating leukocytes. It is noted that dicen- 
trics occurred in cells without the presence of fragments. 

Blood radioactivity was measured after a 10 mc I'*! therapy dose for thyro- 
toxicosis. The plasma concentration was about 0.4 mc/ml at % hour giving a cal- 
culated whole body dose of 20 rads. Following a 200 mc I'*! therapy dose for 
thyroid cancer, plasma concentration was about 3-4 yc/ml at % hour, giving a cal- 
culated whole body radiation dose of 60 rads. 

No chromosomal changes were found that could be attributed to diagnostic 
doses of radioiodine as shown by comparing the chromasomal pictures before 
and % hour after a 2-10 yc tracer dose. 

No chromosomal abnormality was associated with the original disease as 
shown from the chromosomal pre-therapy analysis in Group III (proved thyro- 
toxicosis ) and in Group IV (myxedematous following total thyroidectomy ). Also, 
no correlation was established between the thyroid status of patients at the time 
of the study and the chromosomal abnormality; 50 per cent of the cases with 
“abnormal” chromosome picture in Group II were hypothyroid. 

It was also shown that no abnormalities were associated with the use of 
antithyroid medications. The pre-treatment blood of six patients in Group III 
who had had propylthiouracil therapy did not differ from the blood of the other 
five patients with no exposure to such drugs. 

Pochin et al (12) reviewing over 10,000 cases treated with radioiodine for 
thyrotoxicosis, concluded that there was no indication that this treatment has 
produced an increased incidence of leukemia. In our series, no hematological ab- 
normality was detected in any of the patients either clinically or by blood studies. 

As the incidence of chromosomal abnormalities was higher shortly after 
irradiation as compared to those present after periods up to 14 years, it might 
be assumed that the aberrations are being gradually lost and that the circulating 
leukocytes may eventually become normal. Recently, Curtis et al (13) found that 
chromosomal aberrations mduced by x-rays in the regenerating mouse liver cells 
were eliminated after four or more cell divisions; possibly due to healing of 
broken chromosomes in the interphase nuclei. 

The significance of these findings cannot be inte~sreted in relation to the 
future health of these patients. Genetically, it seems reasonable to consider that 
the persistence of chromosomal aberrations in the somatic cells is not a great 
hazard and that man can tolerate a certain quantity of these abnormalities with- 
out observable ill effects. 


SUMMARY 


A statistically significant increased incidence of chromosomal abnormalities 
both in count and morphology was observed acutely and to a lesser extent 
chronically after radioiodine therapy for hyperthyroidism. These abnormalities 


*Hine, G. J. and Brownell, G. L.—Editors: Radiation Dosimetry, Academic Press Inc., N.Y., 
1956, p. 867. 
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were detected as early as 4 hour after the therapy dose and were found to persist 
for at least 14 years after the treatment. 

The incidence and severity of abnormalities were greater after the larger 
treatment doses of I'*! for thyroid carcinoma, and in the period shortly after 
treatment. No hematological phenomena accompanied the chromosomal ab- 
normalities. 

Apparently, no chromosomal aberrations could be attributed to the use of 
antithyroid drugs or to the thyroid status at the time of the study. Further work 
is in progress to evaluate other factors which might affect the chromosomal 
analysis. 
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The use of surgery in the treatment of some forms of rheumatic valvular 
heart disease has made the accurate diagnosis of the site, type and grade of the 
cardiac lesion of great practical importance and not of mere academic interest. 

In a trial to reach the proper assessment, the present series of cases were 
examined clinically, radiologically, electrocardiographically and by radiocar- 
diography (1). Furthermore, to evaluate the aid that radiocardiography can 
offer, the results of radiocardiographic examination in some cases of mitral steno- 
sis were correlated with the findings obtained during commissurotomy opera- 
tions. 


MATERIALS AND METHODS 


The present report deals with the findings obtained in 76 patients, 60 males 
and 16 females. Their ages ranged between 9 and 62 years. From this group of 
patients, 64 had evidence of valvular lesion affecting one or more of the cardiac 
valves. The distribution of these cases was as follows: 34 pure mitral stenosis 
(MS), 3 pure mitral regurgitation (MR), 12 double mitral valve affection (DM), 
1 pure aortic regurgitation (AR), 14 combined mitral and aortic valves affection 
(Tables I, IL). The remaining 12 patients suffered from rheumatic fever (Table 
Ill). 

For every patient a thorough clinical examination, electrocardiogram, x-ray 
(postero-anterior and oblique views) and radiocardiography were done. This 
latter test was performed with the patient lying comfortably on a couch. About 
12 pe of human serum albumin tagged with I'*! in % ml saline were injected 
rapidly in an antecubital vein using a wide bored needle. Radioactivity traveling 
through the heart chambers was detected by two well-shielded scintillation de- 
tectors. A flat field collimator with an aperture 3 inches in diameter was attached 
to one of the detectors and pointed towards the centre of the radiographic 
image of the the heart. To the other detector, a collimator having an aperture 


*From the University of Cairo, Faculty of Medicine, Division of Nuclear Medicine. Head 
of Unit for Medical Research, Atomic Energy Establishment, United Arab Republic. 
*From the University of Cairo, Medical Unit, Faculty of Medicine. 
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one inch wide was applied and centered just medial to the apex beat. The infor- 
mation collected by these probes was measured by two synchronized count rate 
meters with a time constant (TC) of one second, and recorded on a dual strip 
chart recorder moving at a rate of 12 inches per minute. The first detector with 
its connections were used to draw the common radiocardiographic tracing, 
whereas the second helped in the accurate definition of the peak of the L wave 


(2). 


TABLE I 


RADIOCARDIOGRAPHIC PATTERN IN RHEUMATIC MITRAL VALVE AFFECTION 


R wave L wave 
Type and number |___ i 2 Nee be be ee Total 


of cases duration PCT | MPCT 
*B *C *D | 








Normals Mean 2. : ° 7.6 14.6 4.4 5.6 


Range | 1.0-4.8 | 1.0- 4.8 | 0.6-4.0 | 3.2-12.8} 9.0-21.0 | 2.6- 6.1 | 2.8- 8.5 





MS Mean | 4.5 5.8 2.6 13.8 26.7 | 
(34) eS es | 
Range | 2.4-8.0 | 1.8-11.6 | 0.8-4.2 | 6.0-16.0| 14.2-48.4 | 

















Operated | Mean 
MS SURI DERE GREG GRRE MEREEEE GREER CRenenenn waeneennnEE 
(9) Range | 3.0-8.0 | 3.0-11.6 | 1.8-4.2 | 8.0-26.0| 15.8-48.4 | 4.8-15.4 | 6.5-18.6 








o he x : as 
MR | Mean | 2.7 z | Ss 3 1 oT oe 
(3) | ~-—— | 


| Range | 2.4-3.0 | 1.0- 2.0 | 2.2-3.0| 7.0-12.0| 12.6-20.0 | 3.2- 5.0 | 34-64 














DM | Mean | _ 3.7 40 | 2.3 oe | £8.) ae 


| 





Range | 1.4-6.0 | 1.6- 74 | 1.2-4.0 | 6.0-20.0| 11.6-30.2 | 3.6-11.4 








| 29 | 32 | 20 aan oe 
Predominant | See | 


MR | Range | 1.4-6.0 | 1.6- 4.8 | 1.2-2.8 | 6.0-20.0| 11.6-30.2 | 3.6- 7.2} 4.5-10.5 
| | | | | 


DM | Mean | 4.6 4 | 3.0 95 | 268 | 94 | 119 
Predominant |— —_—__— me - 
MS | Range | 4.0-5.2 | 5.8- 7.4 | 1.4-4.0 | 11.0-16.0| 24.0-31.4 | 8.0-114 | 11.0-13.2 
| | 
| | 
| 


|| = | 


7.0 


| 
| 
| 
| 














All measurements are in seconds. 

*A, B, C & D are shown in Fig. 1. 

PCT: Peak to peak pulmonary circulation time. 

MPCT: Mean pulmonary circulation time calculated by the method of Rosaia. 
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CALCULATIONS 


A normal radiocardiogram is made of two waves, R & L, representing the 
tht and left sides of the heart, respectively. In a common radiocardiographic 
acing, R is higher in amplitude than L, which is longer in duration; since 
dioactivity is diluted into the pulmonary bed before reaching the left side of 
ie heart. The ascending limb of each wave stands for filling, whereas the de- 
ending represents emptying of the corresponding cardiac chambers. This is 
hy it was thought advisable to analyse the radiocardiographic tracings obtained 
ia the present work by dividing each into four arbitrary segments A, B, C & D 
(Vig. 1) representing filling and emptying of the right and left sides of the heart, 

spectively. The dip in the curve (T) is caused by passage of radioactivity from 
beneath the detectors into the lesser circulation. Thus, the time interval be- 
tween the peaks of R and L waves, made of segments B & C, represents roughly 
the pulmonary circulation time and is called the peak-to-peak pulmonary circu- 
lation time (PCT) (Fig. 1). According to Rosaia (3), a mean value which ap- 
proximates remarkably the real mean pulmonary circulation time (MPCT) can 


TABLE II 


RADIOCARDIOGRAPHIC PATTERN IN RHEUMATIC AORTIC VALVE INVOLVEMENT 








L wave 
Diagnosis and Total 
number of cases duration 








Normals 
(120) 








AR 
(one) 





MS & AS 
(one) 





MS & AR | Mean : x : H 18.8 
(7) 





Range 10.9-24.4 





DM & AR | Mean "3: : : 2 18.1 
(4) 





Range 13.6-22.8 





DM &DA| Mean | 2.9 5.7 38.0 52.4 ‘ 11.6 
(2) 





Range | 2.4, 3.4 | 4.2, 7.1 17.0, 59.0 | 29.6, 75.0 10.3, 12.8 




















*A, B, C & D are shown in Fig. 1. 
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be obtained by means of the following formula in the interval between minimum 
and maximum times of a common radiocardiographic curve: 


Where S,, is sum of product of concentrations for the times. 
S. is sum of concentrations. 


RESULTS 


Cases of mitral stenosis without radiological evidence of cardiac dilatation 
and showing no abnormality in ECG tracings and had normal radiocardiograms. 
In contradistinction, patients suffering from tight mitral stenosis with electro- 
cardiographic signs of right ventricular hypertrophy and/or strain and radiologi- 
cal evidence of enlargement of left atrium and right ventricle, had abnormal 
radiocardiographic picture. The main abnormality was in the R wave, which was 
noticed to be longer in duration, specially its descending limb (segment B). In 
the very severe cases, the peak of the R wave was not sharp, taking the shape of 


TABLE III 
RADIOCARDIOGRAPHIC PATTERN IN PATIENTS HAVING RHEUMATIC FEVER 
WITH OR WITHOUT CARDITIS 


— 
| 
| 








Diagnosis and 
number of cases 


Total 


duration 





| | 


| 
*4 | *B | c 


Zs 
R wave - L wave | 
| 
| 
| 
| 





Rheumatic fever | : I. | 1.6 


(5) | | | 





Rheumatic carditis 2: | ‘ im 


(4) 





Rheumatic fever 
with old DM 
(3) 





Rheumatic fever | Mean | 2.2 | 22 | 16 | 65 | 12.5 
all cases | | | | 
(12) | Range | 1.4-3.4 | 1.6-3.4 | 0.7-2.2 | 4.0-8.0 | 10.0-15.4 
| | | | 








Normals | Mean | 2.2 | 24 | 14 | 59 | 11.9 


(31) 











| Range | 1.0-3.4 | 1.0-4.0 | 0.6-2.6 | 3.2-9.6 | 9.0-16.0 
| | 





Both groups of subjects are of the same age group; being 9 to 19 years. 
*A, B, C & D are iliustrated in Fig. 1. 
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Fig. 1. Radiocardiogram of normal subject, aged 32 years, showing all component parts of 
the curve. R wave being made of the ascending limb (A) and descending limb (B). 
L wave made of the ascending part (C) and the descending part (D). 
T = transitional zone between R & L waves. 
E = end of tracing. 
PCT = equals B + C; in this case it was 5.4 seconds. 
T.C. = time constant of rate meter in seconds. 


Fig. 2. Radiocardiographic tracing of a case of tight mitral stenosis with atrial fibrillation, 
before commissurotomy. There is marked prolongation in descending limb of R. 
PCT is 15.4 seconds. 
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a plateau rather than a peak (Fig. 2). The elongation of the descending limb of 
the R wave naturally led to prolongation of the PCT (Table I). The average 
PCT in the 34 cases of MS examined was 8.4 seconds (Normal—4.4 sec); with 
a range of 3.6 to 17.2 seconds (Normal—2.6-6.1 sec). In the same group of pa- 
tients the average MPCT was calculated and amounted to 10.2 seconds, with a 
range of 4.5 to 24.0 seconds. 

Figure 3 illustrates the radiocardiogram of one of the three patients having 
pure mitral incompetence included in the present series of cases. In these pa- 
tients—in contrast to the normal—the L wave was higher in amplitude than the 
R wave. The PCT in these cases ranged between 3.2 and 5.0 seconds, with a 
mean of 4.1 + 0.9 seconds (Mean + 1 SD). 


Similar to mitral stenosis, the main radiocardiographic abnormality in pa- 
tients having double mitral valve affection was prolongation of the R wave, 
with consequent elongation of the PCT (Fig. 4). But, this effect was much less 
marked than in cases of pure MS, especially when patients having a predominant 
stenotic lesion were excluded (Table I). This is further supported by compari- 
son of radiocardiograms of two patients having nearly equal cardiac shadows in 
postero-anterior x-ray films as measured by planimetry; one suffering from pure 
MS (Fig. 5), the other having DM (Fig. 6). The PCT in the first was 15.4 sec- 
onds (Fig. 2); while the patient who suffered from DM had a PCT of 5.6 
seconds (Fig. 4). In patients having DM with predominant incompetence, the 
radiocardiographic curve tended to preserve its general configuration though 
appearing stretched out. In 2 of these 9 patients presenting with DM lesions the 
L wave was nearly of the same amplitude as R. 


In the case of free aortic regurgitation studied, radiocardiography revealed 
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Fig. 3. Radiocardiogram of patient having pure mitral insufficiency. In contrast to normal, 
L is higher than R. 
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equal amplitude for both R & L waves, with a PCT of 5.6 seconds (Fig. 7). 
It was noticed that in all patients presenting with a combined mitral and 

: ortic valvular affection, the R wave was prolonged and L higher than normal. 
his can be clearly seen by comparing Fig. 8 with Fig. 1. Prolongation of the 
wave was seen in the presence of cardiac dilatation, heart failure and/or 
-ortie stenosis. The duration of the PCT was dependant on the predominant 
ivular lesion and on the presence of cardiac failure. The longest PCT recorded 

. combined mitral and aortic involvement was in cases showing predominant 
MS with double aortic valve lesions in the presence of cardiac failure (Table II). 
Patients suffering from rheumatic fever, with or without carditis had a nor- 

ial radiocardiographic pattern. This can be clearly seen from a comparison of 
he results obtained in the 12 patients who had rheumatic fever with the radio- 
cardiographic pattern in 31 normal subjects of the same age group (Table III). 


DISCUSSION 


Radiocardiography was described in 1948 by Prinzmetal et al (1) to record 
graphically the passage of a radioactive bolus through the different cardiac 
chambers, thus giving direct information on the blood volumes and transport 
rates within the various chambers of the heart. Some years later, with the devel- 
opment of more sensitive equipment and availability of nondiffusible tracers, 
modifications were introduced into this technique by various groups of workers 
(4-7). 

In pure mitral stenosis, radiocardiography revealed prolongation of the R 


wave, especially its descending limb (segment B) denoting delayed emptying of 
the right ventricle (8) and leading to elongation of PCT. The PCT in the 34 

































































Fig. 4, Radiocardiographic curve of patient suffering from a double mitral lesion, with pre- 
dominant regurgitation. PCT is 5.6 seconds. 
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Fig. 7. Radiocardiogram of free aortic regurgitation. B.P. 140/40 mm of Hg. L is equal to R. 
The descent of L, specially in its early part, is very steep. 


é. a 
! J 


‘ee a 
oe Sty ete - = coat 


-_-—- 2+ eee os eee corner 


1 
‘ 


ae , 7 t i. 


seek ie iret vee arian seeecieigbeete peers ick ake ciate 2: Pe 
| 
- 


eee ae is aon 





a 1 _ 











zi : 





























siesie a 


Fig. 8. Radiocardiogram of a case of DM & DA. L is high in amplitude and much pro- 
longed, especially its descending limb. PCT is 10.2 seconds. 
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cases of MS included in this work ranged between 3.6 and 17.2 seconds, with 
an average of 8.4 seconds. In the same group of cases MPCT amounted to 10.2 
seconds with a range of 4.5 to 24.0 seconds. This prolongation of PCT in mitral 
stenosis was similarly observed by various groups of workers in this field (9-12). 
In a study of 40 cases of MS, Pietila and Hakkila (11) found, that peak-to-peak 
PCT ranged between 5.2 and 18.9 seconds; and that there was a highly sig- 
nificant correlation between PCT on one hand and both the relative radiologic 
heart size and the degree of impairment of physical performance on the other 
This correlation was verified in the present work among cases having the sam: 
type of valvular lesion i.e., MS. But, comparison of cases having identical cardia 
shadows as measured by planimetry revealed that PCT was longer in pure MS 
than in cases suffering from a DM valve lesion, denoting that size of the hear! 
could not be the main nor most important factor to explain prolongation of PCT. 
In their studies on the pulmonary circulation, Borden et al (13) reported that 
the mean circulation time was a function of the rate of blood flow and the intra- 
thoracic blood volume. But, since various authors (9, 13, 14) found no significant 
increase in the intrathoracic blood volume in mitral stenosis, then the main fac- 
tor controlling the duration of the PCT would naturally be the rate of blood flow 
in the lesser circulation. Thus, prolongation of the MPCT in MS would be due 
to diminution in the velocity of blood flow secondary to the increased pul- 
monary vascular resistance. This is supported by our finding in the present series 
of cases that prolongation of the circulation time in MS was caused by elonga- 
tion of the descending limb of the R wave (segment B) (Table I & Fig. 2), 
denoting delayed emptying of the right heart. Therefore, it appears that the 
MPCT in cases of M.S. could give us an idea about the factors that cause or 
reflect the raised pulmonary vascular resistance, namely the width of the mitral 
orifice and the degree of pulmonary hypertension. The validity of this assump- 
tion can be proved from analysis of the radiocardiographic data obtained in 
nine cases of MS that were operated upon! (Table IV). From Table IV it can 
be seen that the more tight the stenosis, and the higher the pulmonary pressure, 
the more prolonged was the mean pulmonary circulation time. A further support 
to this conclusion can be obtained from a study of the radiocardiograms drawn 
before and after commissurotomy in five cases of pure MS that could be followed 
up (Fig. 2, 9). The PCT dropped significantly in the three cases in which the 
surgeon could widen the valve from just admitting the tip of a finger to a space 
that could allow three fingers or more. On the other hand, in the two cases 
where this valve width could not be achieved, the PCT did not change or even 
became a bit longer after the operation (Table IV). 

The radiocardiographic pattern of patients having double mitral affection 
with predominant stenosis behaved in a similar way to cases of pure MS. In 
patients having significant MR the PCT was either normal or only slightly pro- 
longed. This could be due to the relatively wider valve area, together with the 
lower level of pulmonary pressure usually met with in these cases of DM as 
compared to patients suffering from pure MS. 


*Mitral commisurotomy operations were performed by Dr. S. El-Malah and Dr. A. Balbaa 
from the cardiopulmonary surgical unit of Cairo University. 
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In contrast to mitral stenosis where the main radiocardiographic abnor- 
mality was in the R wave, in both pure MR and AR the L wave was either equal 
wr even higher in amplitude than the R wave. This was expected, since these 
esions cause enlargement of the left side of the heart which would therefore 
sccupy most of the field beneath the scintillation detector. The noticed difference 
»etween radiocardiographic findings in mitral stenosis and incompetence is 
igainst the work of Zacks, (15) who reported that mitral stenosis and insufk- 
iency were indistinguishable radiocardiographically. 

In the present study, it was noticed that in involvement of both mitral and 
nortic valves, R was prolonged and L higher in amplitude. The prolongation of 
the R wave could be explained by mitral affection with its consequences, namely 
oulmonary hypertension and right ventricular dilatation. The higher amplitude 
of L was most probably caused by the left-sided dilatation secondary to the 
iortic valve lesion. In this group of cases, the PCT was longest in patients hav- 
ing predominant MS and/or left ventricular failure. This could be a further 


TABLE IV 


CAsEs OF TIGHT MITRAL STENOSIS THAT WERE OPERATED UPON. 
DATA OBTAINED BEFORE, DURING AND AFTER OPERATION. 








Pulmonary Width of the valve PCT in MPCT in 
artery in fingers seconds | seconds 
pressure Assessment 
assessed by surgeon 
during Before com- 
operation missurotomy 














“pee Tip Good 11.6 











*4--- Tip Good 15.4 





t++ i : Very good 9.8 








++ Ti Very good | 9.0 





5 i) Tip Moderate | 8.8 





More than tip Good 8.4 








++ More than tip ; Moderate 8.2 





+ More than tip 3 Good 6.5 





Normal 1.5 25 Poor 4.8 




















* : This patient had a floating thrombus in the left atrium. 


t : Both patients had palpable spleen before operation; after operation, the splenic enlarge- 
ment disappeared. 
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proof for the importance of pulmonary hypertension in the pathogenesis of the 
prolongation of PCT. 


The absence of radiocardiographic changes in rheumatic fever even in the 
presence of carditis, might be due to the counterbalancing effects of tachy- 
cardia that is known to cause shortening of the pulmonary circulation time (16). 


SUMMARY 


Radiocardiography has proved of great value in the diagnosis and assess- 
ment of rheumatic heart disease. From this study, based on 76 cases, the various 
patterns of radiocardiograms met with are described, analysed and criticised. 
The different valvular lesions were found to have characteristic radiocardio- 
graphic patterns, depending on the degree of lesion and the presence of hyper- 
trophy and/or dilatation of the various cardiac chambers, together with the de- 
gree of pulmonary hypertension. 


Special reference to the importance of radiocardiography in selection of 
cases for mitral commissurotomy is stressed, since this technique is easy and 
















































































Fig. 9. Radiocardiogram of pure MS shown in Fig. 2 & 5, recorded after mitral commis- 
surotomy. The PCT became 13.4 seconds. Lower tracing inscribed with detector over 
apex to define peak of L wave accurately. 
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readily gives an idea about the width of the mitral orifice as well as the degree of 
pulmonary artery pressure. 
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Information on the physiology of the marrow circulation is fragmentary and 
incomplete, due, in large measure, to the peculiarity of the architecture of the 
marrow vasculature and its inaccessibility. Large gaps exist in our knowledge: 
almost nothing is known of such fundamental events as the arteriovenous dif- 
ferences for gases, metabolic substrates and the products of hematopoiesis. Im- 
portant questions concerned with the presumably more simple relationships of 
blood flow and marrow activity still remain unanswered. 

The demonstrated feasibility of measuring the regional circulation of a given 
tissue from the disappearance rate of a locally deposited, diffusible, radioactive 
tracer substance (1) stimulated some interest in the application of this technique 
to the study of the blood flow of the marrow (2-4). This rather simple tech- 
nique has been variously modified by these investigators to yield divergent data 
which have been interpreted generally as useful measurements of the capillary 
blood flow of the marrow. 

In the light of these reported diverse findings the present study was under- 
taken to re-evaluate the applicability of the tracer clearance technique to the 
study of bone marrow blood flow. 


MATERIAL AND METHODS 


Hospitalized male patients, free from any overt hematological abnormalities, 
pulmonary, cardiac or renal disease, were selected as subjects for this investiga- 
tion. The marrow morphology was not studied. In order to minimize injury of 
the marrow tissue, the aspiration of samples was intentionally omitted. 

The technique employed was essentially a modification of the depot radio- 
isotope clearance method described by Kety (1). The tracer substances were 
injected as isotonic solutions in 0.5 ml volume into the sternum, immediately 
below the angle of Louis. Doses of the radioisotopes ranged between 5 and 6 uc. 
Each subject was placed in the supine position and a scintillation probe was 
positioned against skin directly over the sternal injection site. The probe con- 
tained a 1 in. X 1 in. sodium iodide, thallium activated, crystal in a 36° flat field 


From the Medical Service and Radioisotope Service, Veterans Administration Hospital, 
East Orange, New Jersey. 
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collimator, shielded by % in. lead, and was connected to a conventional rate meter 
ind rectilinear recorder as well as a tape deck. The recording was made with a 
paper speed of 12 in. per minute and rate meter time constant of 2.5 seconds. At- 
tempts to use a lower time constant resulted in erratic fluctuations of the recorded 
curve. The probe was on a swinging arm which could be moved away from the 
ield and returned to the predetermined site in a fraction of a second. The skin and 
periosteum of the injection site were anaesthetized with 1.0 ml of 2 per cent 
orocaine, and a sternal needle (Osgood) was introduced into the marrow under 
iseptic conditions. The test material was injected rapidly into the medullary 
-avity. The needle was quickly withdrawn, the probe swung into position and 
locked, and the disappearance rate of the radioisotope recorded. The crystal is 
ecessed 8.0 cm in the lead collimator and the probe remained fixed in position 
in contact with the skin over the sternum during the entire recording. 

Theoretical objections, such as reflux of tracer substance into the needle tract, 
or bleeding at the puncture site of highly contaminated blood proved in practice 
to be of no consequence. Despite the fast clearance of the labeled material from 
the marrow, the described technique is simple and sufficiently rapid to give ade- 
quate curves from which the half-time clearance (T%) of the administered radio- 
isotope could be calculated. Calculations were made by plotting the recorded 
data on semi-logarithmic paper. 

Apprehension and anxiety seemed to prolong the clearance time. The pro- 
cedure was explained to the subject and great care was exercised to allay the 
patient’s fear. 

The following aspects of the problem were investigated: 

1. normal half-time clearance; 

2. relationship of clearance to the molecular size of the labeled material; and 

3. comparison of venous versus marrow clearance. 

The subjects were divided into the following groups: 

Sodium” chloride (Na**Cl)—43 subjects with a mean age of 54, range 
23-75 years. 

Iodinated 11 human serum albumin (I'*! HSA)—25 subjects; mean 
age—50, range 21-77 years. 

Sodium orthohippurate I'*! (I'*! Hippuran)—21 subjects; mean age 
48, range 28-68 years. 


The percentage of urinary excretion of the administered dose was measured 
in eleven patients of the last group. Voided urine was collected at 30, 60, 120 and 
180 minutes and radioactivity measured. One week later, after all of the previ- 
ously administered radioisotope had been excreted, the same subjects were given 
0.5 ml of I’! Hippuran intravenously and urine samples collected in a similar 
manner. Thus, the rate of clearance of I'*! Hippuran from marrow and from 
vein could be compared in the same individual. 


RESULTS 


The disappearance curves of the injected radioactive substances (Fig. 1) 
show an initial rapid rise and an immediate fast exponential decline. A second 
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slow component then follows, most likely the result of intravascular mixing, origi- 
nating in the heart and the large vessels directly below the probe. The possibility 
of the marrow itself contributing to this slow component cannot be excluded; 
further study of this aspect may be indicated. The initial rapid phase of the 
curve was plotted on semi-logarithmic paper to furnish the T% data summarized 
in the accompanying Table. 


In a certain number of the subjects a second probe was placed either over the 
great vessels of the neck, over the lateral aspect of chest, or a more distant site, 
such as the thigh. The arrival time over these sites lagged only slightly the peak 
of sternal activity, with overall magnitude appreciably reduced but the general 
configuration of the curves was essentially similar. 


It is apparent that labeled material injected into normal human marrow dis- 
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Fig. 1. Typical plots and tracings. NaCl full scale 30 K, I* HSA and I Hippuran 10 K. 
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ippears very quickly and confirms, in measurement, what clinicians have long 
known from experience with intramarrow infusions (5-7). The very rapid clear- 
ince of Na** from the marrow is indeed striking, particularly when compared 
o the disappearance rates of Na** or I'*! as iodide from muscle, (8-10) a 
iighly vascularized tissue, where the T% is some 60-100 times longer. Since mar- 
‘ow contains a large fat component, tracer clearance studies on subcutaneous fat 
vere conducted. Here, we found the T% well over 100 times longer than that of 
he marrow. 


The data also show that there is no significant difference in the clearance 
f the locally deposited Na”* or of the I'*! HSA from the marrow despite an 
\pproximate 3,000-fold difference in molecular weight. It is true that the clear- 
ince of I'*1 as iodide is as rapid as the clearance of Na®? (10). However, one 
vould have anticipated some difference in clearance of Na®* as an ion and ['*! 
in the form of a complex, large molecule, I'*! HSA, if the clearance were 
achieved by capillary blood flow alone. 


In Fig. 2 the data for the percent urinary excretion of the administered dose 
of I’! Hippuran from sternum and vein are presented. No significant difference 
exists between the clearance of the radioactive material injected into the normal 
marrow or into a peripheral vein. 
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DISCUSSION 


In 1953, Petrakis et al (2) used I'*! as the iodide, to determine the loca! 
blood flow of the human marrow. These investigators introduced a Turkel needk 
into the sternum, and then injected the NaI'*! solution, over a one to two minut« 
period, through a tuberculin syringe with a fine gauge needle which had been 
inserted into and well beyond the tip of the marrow needle. This slow rate of 
injection was purposely employed to avoid a sudden increase of intramedullary 
pressure. The two needle technique was used to avoid contamination of th 
needle tract and skin by reflux. In their nine control subjects, the calculated T} 
ranged between 5.5 and 16.0 minutes. They also studied a group of patients 
with acute and chronic leukemia and concluded that fundamental differences i: 
the marrow vascular bed exists among the leukemias. 


In 1962, Brown-Grant and Cummings (3) studied the clearance of Na I'*! 
from the femoral marrow of the rabbit. They introduced a permanently placed 
bent needle into the marrow to allow simultaneous injection and recording. 
They observed a very rapid disappearance of the radioactivity from the injection 
site, a mean T% of 20-30 sec., surprisingly similar to the half-time clearance found 
in our human subjects. The rapid appearance of high counting rates over the 
opposite limb of the animal argued against simple diffusion of the test substance 
into the marrow away from the probe. Because the I'*! albumin clearance rate 
from the marrow was thought to be slower than the radioiodide clearance, the 
authors concluded that the rapid disappearance of the radioiodide was indeed 


due to a high effective capillary circulation. The curves shown by Brown-Grant 
and Cummings, like the curves obtained in the present study, show a rapid 
initial marrow phase followed by a slow prolonged component, which we believe 
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aeasures the rate of removal of the isotope from the blood. Since I'*! albumin 
‘emains in blood longer than iodide, its clearance rate from the blood should be 
lower than that of iodide. 

Recently, Najean and Clement (4) injected sodium chromate®! into the 
ternal marrow and measured the appearance of radioactivity at the inguinal 
rea. They hoped in this way to avoid the loss of time required to remove the 
rocar, apply the detector and prevent the theoretical contamination of the 
1eedle tract. Two phases were described—a rapid initial phase which appeared 
o correspond to a direct intravascular injection, and a second which was inter- 
yreted as a period of diffusion and equilibration. 

Schoen and Doering (12) in their article on polycythemia vera, state that the 
' of radioiodide from the sternum is 10 minutes for subjects with polycythemia 
vera. Details of technique are not given, nor any reference to published material. 

It is apparent from the pertinent literature that there has been considerable 
preoccupation with technique in the attempt to achieve speed in the recording 
of data, to avoid injury of marrow tissue, gross diffusion of the labeled material 
into the marrow compartment and contamination of the needle tract. Differences 
in technique account largely for the differences in the reported results on normal 
human subjects. 

In the present study the problems of technique, we believe, were met suc- 
cessfully. Small volumes of material were injected into the marrow, and contami- 
nation of the needle tract was not encountered. The detector could be swung 
into position rapidly and locked, so that a constant relationship between the 
detector and the injection site was maintained. Kety (1) pointed out that neither 
the dose of the labeled material, nor the geometry of the system employed is 
critical so long as the relations between the injection site and detector are 
preserved throughout the measurement period. 

The present investigation shows clearly that the clearance of labeled material 
from the marrow is quite rapid and independent of molecular or ion size. The 
half-time clearance rates from the marrow are indeed striking when compared, as 
cited previously, with the much slower clearance rates of highly vascularized 
tissue as muscle. Further, the recovery of I'*! Hippuran in the urine following 
marrow injection approaches closely the recovery of the dye after intravenous 
administration. These findings, high isotope mobilization rates and equal clear- 
ance of tagged materials of different molecular or ion size from the marrow, 
suggest a unique organization where the flow of fluid from the extravascular to 
the intravascular spaces appears free and uninhibited. Information on the anat- 
omy of the marrow is insufficient to comprehend the structural organization in 
which these events take place. The role of this flow system in the physiology of 
the marrow is not clear. Application of the isotope clearance technique to patho- 
logical states of the marrow may shed some light. 


SUMMARY 


The clearance rates of NaCl, '*1HSA and I'*'Hippuran from marrow have 
been determined. The disappearance rate of radioisotopes is rapid (T% of 21—24 
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sec) and independent of molecular or ion size. Mobilization of I'*! Hippuran 
from marrow lagged slightly behind the clearance of this dye into the bladder 
following intravenous administration. The marrow appears to possess a unique 
organization for fluid flow. 
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In the first part of this two-part article, the characteristics, potential uses, 
radiochemical purity and method of evaluating the activity of Tc®™ will be 
discussed. In the second part of the article, the dosimetry of this radionuclide 
will be presented for various routes of administration as well as for various chem- 
ical configurations, such as the pertechnetate ion, the colloid and the protein- 
bound state. 


Tc™, first investigated by Richards and Harper in 1960, appears to have 
potential widespread uses in nuclear medicine. The radionuclide allows the phy- 
sician to visualize and study many organ systems with better definition and 
speed than are presently attainable with other radionuclides while the patient 
receives a low radiation exposure. This is possible because of the nuclear and 
chemical properties of technetium. The monoenergetic gamma-ray of 140 kev 
emitted by Tc®™ is readily collimated, yet of sufficient energy to be useful for 
deep organ scanning. The absorbed radiation dose is low because of the short 
physical half-life of six hours, the low specific gamma-ray constant of 0.56 
R-cm?/mc-hr? at 1 cm and an E, of 14 kev per disintegration. In the oxidized 
state, as the pertechnetate ion (TcO,~) it behaves in a manner ‘similar to iodide 
in that it is concentrated by the thyroid gland, salivary glands and gastric mu- 
cosa. It is apparently not organified by the thyroid gland. However, in the re- 
duced state, technetium may be readily tagged to various compounds. The chem- 
istry of technetium is discussed in another publication (1). 


*U.S. Department of Health, Education, and Welfare Public Health Service, National In- 
stitutes of Health, Clinical Center, Department of Radiation Safety, Bethesda, Maryland, 20014. 


*The specific gamma-ray constant is 0.70 R-cm?/mc-hr at 1 cm if the K, and Kg rays 
are included. The energies of these x-rays are 18.3 and 20.6 Kev respectively. 

The method of evaluating x-rays of these energies in internal dosimetry is quite difficult 
and will be discussed in detail in the second part of this paper. 
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CHARACTERISTICS 


Tc*™ is obtained as the daughter product of Mo which in turn is recoy- 
ered as a fission product or produced by neutron bombardment of Mo®**. Figure 1 
gives the decay scheme and nuclear properties (2). 

The parent radionuclide, Mo®, is adsorbed on an alumina column after the 
other radionuclides are separated (3). Tc®®™ may then be eluted as the pertech- 
netate ion from the alumina column (radionuclide generator ) with approximately 
15 ml of 0.1 N HCl. Since Tc®™ is produced by the radioactive decay of Mo, 
the generator may be re-eluted as soon as a sufficient activity of Tc®"™ has grown- 
in. The Mo*® obtained via the fission process is approximately carrier-free, and 
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Fig. 1. Decay scheme and nuclear properties of Tc 
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therefore a large activity may be adsorbed on a relatively small alumina column. 
When Mo” is produced by neutron bombardment, the specific activity of Mo 
is limited to approximately 10 mc/g of Mo, therefore a much larger alumina col- 
umn must be used to obtain an equivalent activity of Mo”. 

At present Brookhaven National Laboratory* supplies the Tc®™ generators 
with activities between 100 to 250 mc on a regularly scheduled basis. Figure 2 
illustrates two of these generators. The radiation fields surrounding these gen- 
erators are quite high. At the surface of the shipping can of a 150 me generator 
the exposure-rate is approximately 250 mR/hr, and at 5 cm from the unshielded 
generator 1.5 R/hr. Although the first eluate from the generator has associated 
with it a radiation field of approximately 1 R/hr at contact with the containing 
ask, elaborate remote handling facilities are not necessary to manipulate this 
radionuclide. Well planned procedures which minimize personnel exposure time 
and adequate shadow shielding to reduce whole-body irradiation are sufficient. 

Generators, if desired, may be supplied with a Dowex 50 x 8 resin column 
Fig. 2—generator on left side) to remove the aluminum from the eluate. Cur- 
rently, the Dowex column is not used by this laboratory to remove the aluminum 
from the eluate, instead it is delivered to the radiopharmacy service where the 
aluminum is precipitated out when the pH is adjusted. The precipitate is re- 
moved by passage through a sintered glass filter. 


’Powell Richards, Associate Head, Hot Laboratory Division, Brookhaven National Labora- 
tory, Upton, L.I., N.Y. 


Fig. 2. Tc”™ generators in shielded enclosure. Generator on left has the Dowex 50 X 8 resin 
column added. 
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The elution efficiency of the generator is initially about 75 per cent and grad- 
ually improves to around 85. The elution efficiency is calculated on the basis of the 
Tc*™ assay supplied by BNL and our laboratory’s method of calibrating Tc®™. 

The initial concentration of Tc®™ in the column eluate from a 100 mc gen- 
erator is approximately 5 mc/ml. To increase the concentration of Tc®™ in the 
eluate, as the generator decays with the 66 hour half-life of Mo®, one may elute 
the generator with 5 ml of eluent and then with 10 ml, collecting the latter frac- 
tion for use. This procedure will almost double the Tc®™ concentration. The 
elution curve is shown in Fig. 3. 


USES 


One of the primary advantages of Tc®™ is that large activities may be ad- 
ministered without the patient receiving a large absorbed dose. For example, 10 
mc of Tc®™ administered intravenously as pertechnetate will result in a whole- 
body adsorbed dose of approximately 100 mrads. The use of large activities 
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Fig. 3. Elution curve for a representative Tc”™ generator without the Dowex 50 X 8 resin 
column. 
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enables one to use high resolution collimators thereby improving the spatial res- 
olution of the scintillation scans or increasing the scanning speed so that a brain 
scan may be completed in thirty minutes rather than two hours. Harper, Beck 
»t al (4) have discussed some of the uses for Tc®®™, and have developed a col- 
‘imator which takes advantage of the low energy monoenergetic gamma-ray. In 
addition to brain and thyroid scanning, using the pertechnetate ion they have 
successfully formed a stable sulfur colloid of technetium which localizes in the 
reticuloendothelial system enabling liver and bone marrow scans. (5) From the 
wailable data to date, it appears that if one to ten millicuries of Tc®™ are ad- 
ninistered to a patient, sufficient Tc®™ activity is present in the blood to per- 
form a brain scan whether the pertechnetate ion is administered orally or intra- 
venously. When the pertechnetate ion is administered orally, the patient must 
be in the fasting state and the column eluate must be free of aluminum oxide to 
permit rapid absorption from the gut. McAfee, Fueger et al, (6), discuss the rel- 
ative clinical merits of using the oral and intravenous routes for administering 
the pertechnetate ion for brain scanning. McAfee, Stern et al, (7), have tagged 
albumin, for placental and cardiovascular scans. These investigators and others 
are currently studying additional compounds which may be tagged with Tc®™ 
which may allow them to visualize other organs such as the pancreas, kidneys 
and spleen. 


RADIOCHEMICAL PURITY 


Figure 4 is the gamma-ray spectrum of a respresentative eluate from a Tc®®™ 
generator illustrating photopeaks which can be identified as arising from radio- 
active contaminants. The peak occurring between 0.92 and 0.96 mev is a sum 
coincidence peak arising from the 0.18, 0.74 and 0.78 mev photopeaks of Mo”. 
The Tc®™ photopeak in the gamma-ray spectrum is due to the presence of 
Mo, its parent radionuclide from which the Tc®®™ was generated. In the evalu- 
ation of more than fifteen generators the following are typical levels of the radio- 
contaminants in the column eluate: 0.05 »c Mo®, 0.003 pc Ru! and 0.0002 pe 
I'31, These radiocontaminants are calculated on the basis of microcuries of ra- 
diocontaminant per millicurie of Tc®™ at the time of elution. In general, the 
levels of the radiocontaminants decrease as the generator is used. Beta-ray spec- 
troscopy on the eluates from the generators has not been performed. There are, 
however, no radionuclides that decay by pure beta emission or electron capture 
resulting from the fission process that are +4 atomic numbers of technetium. 


In the area where the Tc®™ generator is used, the only chemical reagent 
that should be present is the one used to elute the generator. If the generator 
is eluted with the wrong reagent, Mo may also be eluted from the generator. 


Figure 5 shows the gamma-ray spectra of two dilutions of the same eluate. 
The dilution factor is twenty. These spectra demonstrate the phenomenon of 
the accidental sum coincidence peak. An accidental sum coincidence event oc- 
curs when two gamma-rays, not in cascade, both interact with the Nal(TI) crys- 
tal within a time span shorter than the resolving time of the scintillation spec- 
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trometer. This produces a spurious signal indicative of a photon with an energy 
greater than the photon energy corresponding to the photopeak of either gamma- 
ray. This phenomenon may lead one to believe that a radiocontaminant is pres- 
ent or may in fact mask an actual radiocontaminant. The solution to this prob- 


lem is to reduce the count-rate of the Tc®™ sample by diluting the sample before 
counting. 


CALIBRATION 


Ionization chamber (quartz fiber electroscope) and scintillation spectrom- 
etry techniques for calibrating Tc®®™ have been compared. Table 1 shows the 
results of this study. On the basis of this study and theoretical considerations, 
scintillation spectrometry is the method of choice to calibrate Tc®™, 


The primary difficulty in using ionization chamber techniques is the evalua- 
tion of the appropriate specific gamma-ray constant (I) to be used. The cumu- 
lative value for T is shown in Table II for the inclusion of various photon energies 
of Tc**™ and Co*’. Once a I is chosen, an attempt must then be made to modify 
T for the relative attenuation of the various low energy photons by the source 
container, the intervening air and the wall of the ion chamber. The specific 
gamma-ray constant must also be corrected for the energy of the photon that 
actually interacts with the sensitive volume of the ion chamber, since the linear 
energy absorption coefficient is a very strong function of photon energy below 
80 kev. To make the above corrections, the decay schemes for the radionuclides 
must be known, especially the electron shells in which internal conversion and 
electron capture occur. The accuracy to which these values are known for many 
radionuclides is only 10 to 20 percent. 


The use of scintillation spectrometry for calibration purposes requires the 
knowledge of the fractional occurrence and internal conversion ratio for the 
photon upon which the calibration is based. These values for most radionuclides 
are accurately known, especially for higher energy photons. Another reason for 
using scintillation spectrometry and Co*’ to calibrate Tc®™ is that the intrinsic 
efficiency and photofraction of NaI(T1) crystals for photons in the gamma-ray 
emitted by Co*" and Tc®™ are essentially identical. 


A simulated Tc®™ calibration source set is shown in Fig. 6. The purpose 
of the calibrated source set is to provide a simple and accurate method of as- 
saying the Tc®™ activity as well as permitting users of Tc®™ to refer the ac- 
tivities of Tc®™ used to a common reference point. These sources are calibrated 
against NBS Co®* standards as well as standards from commercial laboratories. 
The Co* activity is then converted to an equivalent activity of Tc®™ using the 
fact that there are 98 usable photons per 100 disintegrations of Co®™ and 90.4 
usable photons per 100 disintegrations of Tc®™. Figure 7 compares the gamma- 
ray spectrum of the simulated Tc®™ source to an actual Tc®™ sample in the 
sample holder. 
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TABLE I. 


COMPARISON OF THE CALIBRATION OF TC®™ UTILIZING GAMMA-RAY SPECTRO- 
METRY AND IONIZATION CHAMBER TECHNIQUES USING Co? AND 
RADIUM AS STANDARDS 





Tc®™ Activity by 
Ion Chamber (Ra Std.) 


Tc®™ Activity by 
Ion Chamber (Co*" Std.) 





Tc®™ Activity by 
y-Spectrometry (Co*? Std.) 


Tc®™ Activity by 
-Spectrometry (Co*" Std.) 





Ratio + le 1.67 + 0.04 
Range of Values 1.62 to 1.72 
No. of Determination 10 








0.90 + 0.03 
0.85 to 0.94 
10 





All Ion Chamber determinations made at 50 cm. 
All standards and samples contained in 7 mi. vials. 
T (Ra) = 8.25 R-cm?/mc-hr. 

T(Co5?) =0.53 R-cm?/mc-hr. 

T (Tc%™) = 0.56 R-cm?/mc-hr. 


TABLE IT. 


CUMMULATIVE SPECIFIC GAMMA-RAY CONSTANTS 


FOR Co*’ anp Tc®™ 





Photon Contribution to T 


Cummulative T for 
Various Photon Groups 
(R-cm?/me-hr)” 





Co’? 
123 and 137 kev photons 

14.4 kev photon 

6.4 Ka x-rays from electron capture 
Internal conversion of the 14.4 kev photon 


Tc?™ 
140 and 142 Kev photons 
18.3 Ka x-rays from internal conversion 
20.6 K6 x-rays from internal conversion 
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Values of I for Co5? from NBS Handbook 80 
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Fig. 6. Simulated Tc”™ calibration source set. 
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Fig. 7. Comparison of Co” and Tc” gamma-ray spectrum in a Nal(T1) well-crystal using 
the simulated Tc” calibration source set. 
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DISPENSING OF TC??™ FOR HUMAN USE 


The following protocol is followed at the NIH in dispensing Tc®®™ for human 


1. As soon as possible after a Tc**™ generator arrives it is eluted with 25 
ml of 0.1 N HCl. This eluate will be quite cloudy and have a relatively high 
level of radiocontaminants. The Tc®™ activity is determined and the elution 
efficiency of the generator is calculated. 

2. The generator is eluted four hours later, and the radiochemical purity and 
the pyrogenicity of the eluate is determined. As soon as the determinations 
are completed and the results are satisfactory, the eluates from the generator 
are released for human use. 


3. An aliquot of each Tc®®™ sample to be administered to humans is re- 
tained by the Radiation Safety Department to be calibrated and the radio- 
chemical purity assured. The eluate is delivered to the radiopharmacy for 
processing and sterilization if necessary. After the fact, pyrogen tests are 
run on each eluate if the material will be administered intravenously or in- 
trathecally. 


4. After the radiopharmacy processing is completed, but before autoclaving 
the final product, an aliquot is returned to the Radiation Safety Department 
for final assay. There is no loss of Tc®®™ during the autoclaving procedure. 


CONCLUSIONS 


From the experience to date, the radiochemical purity of Tc®™ from the 
Tc®™ generator is comparable with other radiopharmaceuticals currently avail- 
able. Scintillation spectrometry should be used initially to calibrate Tc®™. Ioniza- 
tion chamber calibration techniques may be used once the ionization chamber 
has been cross-calibrated against the scintillation spectrometry technique. 


At present only four to six institutions are using Tc®®™. This number will in- 
crease rapidly, especially as this element’s chemical characteristics are taken ad- 
vantage of to direct its uptake and movement throughout the body. 
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Beta Radiation of Circulating Blood by an Implanted 
Shielded Y°”’ Source, A Preliminary Report of Technique 


William H. Oldendorf, M.D.; John T. Burroughs, M.D., Benedict Cassen, Ph.D.; 
and Leonard W. Wetterau, Jr., B.S.1 


Los Angeles 


Several reports have appeared describing extracorporeal ionizing radiation 
of circulating blood of mammals (1-4). Because extracorporealization demands 
immobilization of the subject, precluding chronic irradiation, an attempt was 
made to irradiate only the circulating blood by replacing a portion of a large ar- 
tery with a plastic graft. Around this graft was placed a metal shield containing 
commercially obtained Y®® ceramic beads shielded in all directions excepting 
through the graft wall into the blood. 


TECHNIQUE 


With 13-15 kg dogs under general anesthesia, the abdominal aorta is ex- 
posed below the renal arteries and a 6 cm section resected. This is replaced by 
a 6 cm length of 14 mm flexible woven “teflon” graft, using standard surgical 
technique. 

After blood pressure is reestablished within the graft, the shield (shown in 
Fig. 1) is slipped over the graft. Twenty-five Y® ceramic beads (approximately 
1.2 mm diameter) are glued (with a quick setting epoxy), just before placement 
in the animal, into a groove at the crest of a longitudinal ridge of acrylic adhering 
to the inside wall of the stainless steel tubing opposite the opening. This ridge in- 
dents the graft, increasing the solid angle of blood exposed to the beta source. 

The shield is constructed from a piece of standard stainless steel tubing from 
which a longitudinal section wide enough to allow placement over the graft is 
removed opposite the row of beads. The I.D. is 10 mm and the wall thickness 
1.2 mm, just sufficient to absorb the maximum beta of Y® (226 mev). (See Fig. 
1). All adjacent tissue radiation is from bremsstrahlung originating in the shield 
wall with lesser amounts originating in plastic and blood. If this became a prob- 
lem with extremely large amounts of beta emitter it could be minimized by 


*From the Neurology Section (Dr. Oldendorf), Radioisotope Service (Mr. Wetterau) 
and Cardiac Surgery Service (Dr. Burroughs), Veterans Administration Center, Los Angeles. 
Dr. Cassen is from the Division of Nuclear Medicine, UCLA Center for the Health Sciences. 
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constructing the shield of low Z material. A thin silver cover is designed to snap 
over the shield to cover the opening opposite the source to absorb any high 
energy beta unabsorbed by blood. Before surgical placement, the entire shield 
and Y® beads are subjected to standard autoclaving. 


RESULTS 


In the two animals in which this final technique was applied 65 mc of 
Y®® was implanted. No anticoagulant was used. The postoperative course was 
uneventful. Femoral artery pulses remained good. After surgical recovery the 
dogs behaved normally. In the first dog subjected to this technique, the arterial 
graft used was too narrow and did not enlarge under pressure to surround the 
beads. As a consequence, the solid angle of blood presented to the beads was 
quite small. This animal’s blood probably received less than 1,000 rads. The 
circulating blood of the second animal (estimate one liter) was subjected to ap- 
proximately 3,000 rads. The absorbed dose is estimated based on the assumption 
that 25 per cent of the total emission of the Y®® beads is absorbed by circulating 
blood. This exposure will have been made during numerous passages of any 
particular blood element through the shield. The radiation experienced by any 
such element will be inversely proportional to the total blood volume if other 
factors remain constant. Absorption of 25 per cent is a crude estimate based upon 
our understanding of the geometry of the blood relative to the source. This can- 
not be predicted precisely. In this final animal the absolute peripheral lympho- 
cyte count remained below 2,000 per mm* between 1 and 10 days, and subse- 
quently slowly returned to approximately 5,000 at time of sacrifice. No such re- 
sponse was seen in the first animal. 

Thirty-five days postop both animals were sacrificed. For Y® this represented 
approximately 13 half-lives. No adjacent tissue reaction was seen. The opened 


CROSS-SECTION OF SHIELD 


RENAL 

a L TEFLON “ 

ARTERIES GRAFT SILVER SNAP-ON 
— 


SHIELD 0.6 mm THICK 


SEGMENT OF ABDOMINAL 
AORTA REPLACEMENT BY 
D | 7 \4mm TEFLON GRAFT 


COVERE 
BY SHIELD 


ILIAC ARTERIES 


Y90 BEADS 25 
STAINLESS MILLICURIE EACH 
STEEL. INSIDE AT TIME OF PLACEMENT 
DIAM. 1.0 cm. WALL 
THICK, 2mm 
LENGTH 5m. 


Fig. 1: The location of the shield on the abdominal aorta below the renal arteries. The 
nonliving graft is necessary because the arterial wall itself would be destroyed by 
only a short exposure to the Y” beads. The cross sectional view of the shield indi- 
cates the relationship of the Y° bead and the arterial graft. The 1.2 mm of stain- 
less steel plus the acrylic under the bead provide sufficient mass to completely absorb 
even the 2.2 mev beta particle of Y°. The silver cover is snapped over the shield 
opening to prevent the emergence of any radiation completely traversing the graft. 
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‘raft from the final animal is shown in Fig. 2. There is a thin clot in the “gutters” 
idjacent to the region indented by the beads. The region of graft immediately 
\djacent to the beads and which received the most radiation is clear of clot. 


DISCUSSION 


The choice of an arterial graft as a site for an implanted beta source is 
coverned by the well-standardized surgical technique for introducing such grafts 
nd the ease with which clotting can be avoided. Radiation through a living 
essel wall is impossible. An alternative would be to construct a tubular shield 
vhich could be placed within an artery or to suspend the source in the fluid 
tream inside an open framework which will keep the source sufficiently far from 
iny vessel wall that the maximum energy beta rays can not pass out of the blood. 
\lthough such intra-arterial sources could probably be devised, it was felt that 
onsiderable development would be required simply to assure such a shield 
would be tolerated by the vessel and would remain in place unclotted. 

When the general approach to irradiating a living fluid stream was under- 
taken as described here, the intention at first was to divert the flow of the thoracic 
duct through a catheter exposed to an implanted shielded beta source. After 
failing to cannulate this delicate structure in four dogs this was given up. If such a 
shielded source could be placed entirely within the thoracic duct of larger ani- 


Fig. 2: Photograph of the plastic graft and shield after sacrifice of the second radiated ani- 
mal described here five weeks after implantation. No gross local tissue reaction was 
seen adjacent to the shield in the retroperitoneal space. 
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mals, high level chronic irradiation of only lymphocytes should be possible. More 
chronic irradiation would be possible from longer lived beta emitters such as P*? 
and Sr®°, 


SUMMARY 


1. A technique is described in which chronic beta irradiation from Y® of 
circulating blood is achieved in vivo. 

2. Utilizing standard surgical techniques, a segment of the lower abdominal 
aorta of dogs is replaced by a flexible teflon arterial graft. A shield containing Y® 
beads is placed about the graft. Irradiation of blood is achieved through the 
graft material. 

3. After placement of the graft and shielded radioactive source, the ani- 
mal’s activities are not restricted. 

4. Two dogs subjected to this final form of the technique tolerated the 
procedure well. 
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President's Letter 


In the last communication the status of the Scientific Program was previewed 
for our forthcoming annual meeting in Miami, Florida. 


Since that communication, I have had the opportunity of visiting the site 
of our meeting. I am very happy to report that our Local Arrangements Com- 
mittee under the chairmanship of Dr. Albert Gilson has done a splendid job in 
setting the scene for what will probably be our best meeting yet. 


I would sincerely urge all to come and bring your families if possible. June 
in Miami is delightful and between the oceanside joys and the facilities of the 
hotel there will be plenty diversions. For those who bring their children, I am 
assured by the local committee that “parentectomy” will be effectively and pain- 
lessly available. 


With the prospects of an excellent scientific program and splendid local 
arrangements, all systems are “go” for a great meeting. 


There will be something for everyone. 


John U. Hidalgo, M.S. 
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During early February, 1965, the Program Committee will select Scientific 
Exhibits for the 12th Annual Meeting. The Committee solicits both large and 
small scientific exhibits from both members and organizations. To plan space, the 


Program Committee must have an abstract of each exhibit including the 


following: 
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Statistical Evaluation of 125-I vs 131-I for 
Scanning Cold Lesions’ 


Raymond L. Libby, Ph.D. 
Los Angeles 


This report is concerned with a statistical evaluation of the use of 125-I and 
131-I for the detection and delineation of “cold” lesions using ordinary scan tech- 
niques. The experimental data provided in this report indicates a more extensive 
role for 125-I in the discrimination of “cold” lesions at depths up to several centi- 
meters below the surface than has been indicated previously (2),(3). 

The success or failure to detect a “cold” lesion in organs such as the thyroid 
and liver by commonly used radioisotope scanning techniques involves a diverse 
number of parameters such as: the absolute count rate; the “Target/Nontarget” 
ratio (1); the resolving capability of the detector system; the scan speed; the 
energy of the emitted photon, together with its absorption and scatter properties 
in tissue; and, finally, the visual interpretation of the recorded scan. To evaluate 
the contribution of each of the above variables is a difficult task. However, ap- 
propriate phantom studies can shed considerable light on the probability of de- 
tecting lesions in various organs and tissues and can indicate, under various spe- 
cified conditions, which of two or more radioisotopes has the most favorable 
potential for detecting a lesion. 


EXPERIMENTAL 
The following symbols will be used throughout this report: 


N, = Nontarget 
T = Target (“cold” lesion) 
« = Fractional standard deviation of the difference (N,-T) 


Figure 1 depicts photographically the phantom arrangement used in this 
study. A one-liter beaker was filled with 800 ml of water containing 80yc 
(O.luc/ml) either of 125-I or 131-I. The radioactive solution represents the 
Nontarget (N,) volume of interest. 


The Target (T), shown in Fig. 1, is a 3 cm-diameter lucite sphere with a 
small hole drilled through the center. The lucite sphere was suspended at various 
levels by means of a nonwettable string of dental floss. The one-centimeter mark- 
ings on the string used to establish the depth of T can be seen in the photograph. 
The “cold” Target was set at the surface and at successive one-centimeter depths 
below the surface down to 6 cm. Sufficient total counts were accumulated on a 
RIDL scaler so that the standard error in all cases was less than one percent. 


*From the Department of Radiology, The University of California Center for the Health 
Sciences, Los Angeles, California 90024. 
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Fig. 1. Phantom used to evaluate relative merits of 125-I and 131-I for scanning “cold” 
lesions. 


A nineteen-hole focussing collimator was used for all measurements with 
the focal point of the collimator 2.4 cm below the surface of the water. As 
shown, an additional half-centimeter of lead shielding was fitted around the 
sides of the collimator to minimize any radiation emanating from outside of the 
volume being counted. 

The count rates both for 125-I and for 131-I were determined under identical 
geometrical conditions, with one exception. The 131-I detector was a 2-inch-di- 
ameter by 2-inch-thick Nal crystal, whereas, a 2-inch-diameter by %-thick Nal cry- 
stal with a 0.001-inch-thick aluminum shield was used for counting the 125-I. 
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A single channel pulse height analyzer was used to minimize background 
and scattered radiation. For 131-I, the analyzer was set to observe only the counts 
from the 0.364 mev photopeak for 131-I; and, for the measurement of 125-I, the 
analyzer was set to observe both the principal photopeak at ~28 kev and the 
coincidence photopeak at ~56 kev. 


RESULTS 


In Table I, columns 2 and 3 show the observed net counts per minute 
both for 125-I and for 131-I, for the N, situation (radioactive-solution phantoms 
only) and for each radioisotope with T (“cold”-lesion-lucite sphere) interposed 
at the surface and at increasing one-cm depths down to 6 cm below the surface. 
In the fourth and fifth columns the ratios of the T-to-N, counts per minute for 
the various depths of T are calculated. 


From the data in Table I the following observations may be made: 


1. Under the conditions adopted for this experiment, the N, net counts per 
minute both for 125-I and for 131-I are essentially identical and reproduc- 
ible (6124 c/m for 131-I and 6115 c/m for 125-1). 


TABLE I 
EXPERIMENTAL DATA 


Counts per Minute T and N; and the Ratio of T to Ny c/m 








Ratios c/m Target 
Target 
Depth of Net counts per minute Nontarget 
Target 
cm | 
131-1 125-1 

















3474 
4280 
4956 
5334 
5630 
5813 
5942 


| 
| 
| 
| 





Ne c/m 


eo 
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Nontarget specific activity 0.1 uc/ml for both 131-I and 125-1. 
Focal depth of collimator 2.4 cm below surface. 
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2. A comparison of the ratios of T-to-N, counts per minute for 125-I and for 
131-I are of considerable interest without further analysis. It has already 
been reported that 125-I provides an improved scan contrast over 131-I 
for a “cold” surface lesion (2),(3). A comparison of the ratios, 0.77 for 
131-I and 0.57 for 125-I is consistent with these reports. 
If the ratios ( T ) for the two isotopes for T depths of 1, 2 and 3 cm below 
N, 
the surface are compared, it would appear that even under these conditions 125-I 
would be expected to provide as good if not a better scan contrast than 131-I. 
At T depths of 4, 5 and 6 cm below the surface, it is doubtful whether either 
isotope would delineate a “cold” lesion under the conditions of this experiment. 
The probability of detecting a “cold” lesion within a given time interval 
depends on the magnitude of the count rate as well as the difference in count 
(N,-T). Table II shows the computed Fractional Standard Deviations! (¢) for 
the difference in counts between N, and T for a one-minute and for a five- 
second count for a series of observations where T is set at the surface and at 1, 
2, 3, 4, 5 and 6 cm below the surface. The five-second count interval was adopted 
on the assumption that in a normal scan procedure the scan speed per centimeter 
of path would be approximately 2.5 seconds, and that for the 3-cm-diameter T, 
only the center 2 cm would contribute to the maximum change in count rate. 
By comparing the fractional standard deviations of the difference in count 
(N,-T) it is possible to make reasonably confident statements as to the relative 
merits of 125-I vs 131-I for detecting “cold” lesions. For equal specific activities 


TABLE IT 


FRACTIONAL STANDARD DEVIATIONS (€) FOR DIFFERENCE IN CoUNTS BETWEEN 
Ni AND T FOR ONE-MINUTE AND FIVE-SECOND COUNTS 
AT VARIOUS TARGET DEPTHS 


(Derived from Data Table I) 











| For One-Minute Count For Five-Second Count 
Depth of | ree 


Te m 





| 
| 
| 
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*Standard Deviation of the difference in count (N vt) divided by (N yt). 
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Fig. 2. Semilogarithmic plot of fractional standard deviations (¢) for difference in counts be- 
tween N, and T for one-minute and five-second counts at various T depths. 
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of 0.1 »c/ml for both radioisotopes, 125-I would be the isotope of choice for 
detecting “cold” lesions from the surface down to a depth of 2 cm. At 4, 5 and 6 
cm depths 131-I would appear to be the isotope of choice. However, if a frac- 
tional standard deviation of « = 0.50 is adopted as the criterion of the smallest 
difference in the count rate (N,-T) which could be detected in a scan, then from 
the data in Table II one can say: 

1. That for one-minute counts T could be detected at 6 cm below the surface 
using 131-I (0.1 »c/ml) and at 5 cm below the surface using 125-I (0.1 
»c/ml). This time interval of course precludes the use of scanning techniques. 

2. That for a five-second-scan time T could be detected down to between a 
2-to-3 cm depth using 131-I and down to a depth of 3 cm below the surface 
using 125-I. Below these levels, i.e. 4 cm to 6 cm, neither isotope would provide 
any delineation of the lesion by means of common scan techniques. At these 
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depths, delineation could only be accomplished by increasing the specific activity 
(u»c/ml) of the N, volume for both isotopes. 

Figure 2 is a semilogarithmic plot of the fractional standard deviations (’ 
tabulated in Table II. The fact that the data appears to fit a straight line implie 
that the difference in counts between N, and T as a function of the depth o 
T varies exponentially. The different slopes for the two isotopes is a reflection o 
the difference in the absorption characteristics of the radiations from 125-I anc 
131-1. 


The following equation formulated by Greenfield and Koontz (4). 


2 9 ili 
rs =1+-f1+ yit+r] 
where: 


rs = theznet N, count rate 

e¢ = fractional standard deviation of the difference N.—T 

T = total counting time 

r = ratio | rt 3 

rT 

can be used to calculate what the count rate or the specific activity of the N, 
volume would have to be so that the “statistical confidence” (¢*r) for both iso- 
topes is identical. 

The factors shown in Table III were calculated by means of the above 
equation. These factors indicate the amount by which the count rate or the 
specific activity of the N, volume would have to be increased in order to 
maintain equal “statistical confidence” for both radioisotopes for five-second 
counts with T located at a series of depths from 0 to 4 centimeters. As shown, the 


TABLE III 


Factor By Wuicu 131-I or 125-I Activity WouLD HAVE To BE INCREASED TO 
MAINTAIN EQUAL “CONFIDENCE LIMITs”’ 








Five Second Counts 








Depth of 
‘ fi | Specific Activity uc/ml 
cm | 





131-I 
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specific activity (»c/ml) of the 131-I would have to be increased by a factor of 
3.2. i. e., from 0.1 pe/ml to 0.32 pc/ml, for a surface lesion in order to have 
the same statistical confidence as 125-I with a N, specific activity of 0.1 pc/ml. 

At T depth of 1, 2 and 3 cm below the surface the “factors” would be 2.3, 
1.5 and 1.3, respectively. Thus the specific activity for 131-1 would have to be 
0.23, 0.15 and 0.13 pc/ml. At a T depth of 4 cm the specific activity of the 
125-I would have to be increased by a factor of 1.5 i.e. 0.15 wc/ml. 

It was of interest to determine whether or not a change in the focal depth 
setting of the focussing collimator would effect the validity of results given in 
this report. To test this possibility a second series of measurements were carried 
out identical to those reported except the focal depth was set at 3.4 cm below 
the surface instead of:the original depth of 2.4 cm. 


Table IV shows the percent loss in count (N,-T x 100) for 131-I and 


N 
125-I both for focal depth and for different T depth. The differences in the per- 
centages for the two focal depths are slight, but undoubtedly real. However, the 
magnitude of the differences are such that they would not invalidate the statisti- 
cal evaluation of 125-I vs 131-I for scanning “cold” nodules as presented. 


DISCUSSION 


The type of phantom measurements and the statistical analysis of the 
results employed in this study to evaluate the probability of detecting lesions in 


various organs and tissues can be applied to any of the commonly-used scanning 
techniques. It is desirable in any scan procedure that the detection limits im- 


TABLE IV 


PERCENT Loss IN Ni ONE MINUTE Counts DUE TO T AT VARIOUS DEPTHS FOR 
Two SETTINGS OF FocAL DEPTH OF COLLIMATOR 








131-I 125-I 
Focal Depth Focal Depth 
Depth of cm cm 
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cm 
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posed by the system are evaluated, as well as the limitations imposed by the 
application of different isotopes. 

It is also of considerable interest to know how one can improve the prob 
ability of detecting lesions of various dimensions and at various depths withi: 
the organ or tissue of interest. Since the probability of detecting a lesion withi: 
a given scan-time interval (such as the five-second time used in this report 
depends upon the magnitude of the count rate as well as the difference in coun 
(N,-T), it is important to note that the absolute count rate, or the specifi 
activity (~c/gm), that must be used to achieve a given statistical probability fo: 
visualization, can be calculated by means of the equation formulated by Green 
field and Koontz (4). One such application is illustrated in Table III. 

The linearity of the semilogarithmic plot of the fractional standard devia- 
tions («) for the difference in counts between N, and T and the depth of T in 
centimeters, as shown in Fig. 2, indicates an exponential relation between these 
two parameters. This relationship implies that only two measurements have to 
be made. In a particular case the T measurement could be made at two different 
depths and the resultant straight line extrapolated to any T depth of interest. 
This relationship can thus minimize the time involved in establishing the sta- 
tistical probability of the detection of a lesion for any scan system. 


SUMMARY 

A statistical analysis of the relative delineation potentials of 125-I and 131-1 
for scanning a “cold” 3-cm-diameter lesion indicates that 125-I is better than 
131-I, not only for a surface lesion, but also for lesions located as much as 2 cm 


below the surface. For a “cold” 3-cm-diameter lesion located at depths of 3 cm or 
greater, neither 125-I nor 131-I would delineate such a lesion under the specific 
conditions chosen for this study. 

The application of the type of measurements made in this report and their 
statistical analysis is discussed in relation to the probability of detecting a lesion 
by ordinary scan techniques. 
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Peripheral Appearance of 
Radiolabeled Albumin and an Alkylating Agent 
During Regional Brain Perfusion’ 


Richard P. Spencer, M.D., Ph.D., James B. D. Mark, M.D. and 
Stevenson Flanigan, M.D.” 


New Hawen, Connecticut — 


The technique of regional perfusion was introduced in order to deliver a 
cytotoxic agent to one area of the body while restricting the amount being de- 
posited elsewhere. (1) There are two principal questions raised in the use of such 
perfusions: a) how much of the cytotoxic agent binds to the locale under study, (2) 
and b) how much escapes to the general circulation. (3) We wish to present data 
on these problems, gathered during two brain perfusions on one patient, and a 
single perfusion of a second patient. During one brain perfusion, radioiodinated 
human serum albumin (11) was included in the perfusing fluid, and during the 
other two perfusions, triethylene thiophosphoramide-S** (Thio-TEPA) was 
present. 


MATERIALS AND METHODS 


The first patient was a 53-year-old Caucasian male who entered the Grace- 
New Haven Community Hospital with symptoms which were clinically con- 
sistent with a space-occupying lesion in the right cerebral cortex. Included in 
the diagnostic work-up was an °%Hg-chlormerordin brain scan. The scan was 
performed two hours after the intravenous injection of 700uc of the compound; 
it revealed a localization of the radioisotope on the right side (Fig. 1). The 
diagnosis of a glioblastoma was made histologically after surgical removal of the 
greater bulk of the tumor. A course of 5,400 r (tumor dose) x-irradiation was 
administered to the head (11.4 mm Cu half-value-layer, 100 cm target-to-skin 
distance, 100 r/minute, 200 r/day x 27). Some three months later, because of 
recyrrent symptoms, a regional perfusion with Thio-TEPA was performed. The 
right common and external carotid arteries and the jugular vein were temporarily 
clamped and polyethylene catheters introduced above the point of occlusion. (4) 
The pump system was primed with 600 ml of compatible whole blood; 50 uc of 
'S!J-labeled human serum albumin were introduced into the blood. The uni- 
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lateral carotid-jugular system was perfused for 20 minutes at 100 ml/minute 
Samples were withdrawn from the pump system and from an arm vein at in 
tervals after the perfusion was begun. Included in the perfusing fluid was 3° 
mg of Thio-TEPA. The patient had remarkable alleviation of symptoms followin 
the perfusion. Subsequently, a gradual progression of motor difficulties was notec 
particularly an inability to raise his legs. Five months after the initial brain pe: 
fusion, a second was performed, and again there was symptomatic relief. Th 
time, with the injection of the 35 mg of stable Thio-TEPA into the perfusin; 
fluid, 62 yc of triethylene thio-phosphoramide-S* (Amersham, specific activit 
0.044 mc/mg, dissolved in sterile saline and filtered through a Millipore 0.4 


micron filter ) were introduced. Again, samples were taken from the pump systen 
and from an arm vein. 


The second patient was a 51-year-old Caucasian male who entered the hos 
pital because of loss of memory and occasional disorientation. Evaluation of th: 
patient included an *°*Hg-chlormerodrin brain scan (650 pc) which revealec 
localization in the left temporal cortex. A diagnosis of glioblastoma was made o1 
the basis of clinical and diagnostic findings. A course of x-ray treatments wa: 
administered (5,000 r, tumor dose, 200 r/day x 25, characteristics as before) 
Four months later, because of worsening symptoms, a decompression and biopsy 
of the tumor was performed. A regional brain perfusion with 35 mg Thio-TEPA 
(including 53 yc of the radiolabeled material) was then undertaken. 


In analysis of the samples of !*'J-albumin, gamma emissions were quantitated 
by means of a scintillation well. The triethylene thiophosphoramide-S** was 
estimated by liquid scintillation counting, using 0.05 ml of plasma in a mixture 
of toluene and phosphors (each vial contained 3 ml of methanol plus 10 ml of 
toluene, which contained 15.2 gm of 2,5-diphenyloxazole and 0.189 gm of 1,4- 
bis-2-(5-phenyloxazoly] )-benzene per 8 pints ). Due to the presence of the plasma, 
there was considerable quenching of light emission; however, this was essentially 
the same in all vessels and no correction to 100 per cent efficiency was applied. 
Samples were also counted in the toluene solution after 0.1 ml had been applied 
to a5 cm strip of Whatman No. | paper and dried. The same magnitude of ac- 
tivity was obtained as with the direct counting procedure. 


RESULTS 


The *°*Hg-chlormerodrin brain scan in the first case revealed a large right- 
sided uptake of the radioisotope, superior to the ear (Fig. 1). At the time of op- 
eration, this was noted to correspond to the location of the tumor. 

As determined by samples of blood from the pump system, drawn at 3 and 
13 minutes after the start of the perfusion (fluid labeled with albumin-""), 
there was a rapid decrease in radioactivity. Assuming that first order kinetics 
were applicable between these two points, the half-time for loss of radioactivity 
from the pump system was 15 minutes. This was a rate greater than the 22 to 34 
per cent loss in 30 minutes reported by Woodhall and co-workers. (3) Radioactiv- 


ity was present in the peripheral (arm) venous blood in both the 3 and 13 minute 
samples. 
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Use of triethylene thiophosphoramide-S** was expected to result in an even 
more rapid disappearance of radioactivity from the recirculating fluid, (2) due to 
the combination of binding of the alkylating compound to the tissues, as well as 
its “leak” into the peripheral circulation. Results from the first case are shown in 
Fig. 2 (where counts per 0.05 ml plasma, divided by 10,000, are plotted as a 
function of the time following the start of the perfusion ). The curve approximates 
an hyperbola of the form: 


R.T=c (1) 


where R is the radioactivity per unit of blood, T is the time in minutes, and c is 
a constant (in this case, 17.1, as determined from the mean of the 6 plotted 
points). To describe the data in terms of a series of exponents would require 
at least three compartments with half-times on the order of 1.2, 3.0 and 6.7 
minutes. 


To determine the closeness of fit of the experimental data to an hyperbola, 
equation (1) can be recast into the form: 


(2) 


Fig. 1 


Fig. 1. **Hg-chlormerodrin brain scan. In addition to usual accumulation in facial muscula- 
ture, there is localized uptake on right, above ear. 
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1 
A plot of R as a function of reciprocal time (—) should yield a straight line 
T 


That this is so is shown in Fig. 3. Data from both cases are given in the figure 
The lines were drawn by the method of least squares. 

Following perfusion of triethylene thiophosphoramide-S* into the brain 
radioactivity was detectable in the peripheral blood in the first sample draw 
(1 minute later). At five minutes, the ratio; activity per unit plasma in the periph. 
ery/activity per unit plasma in the pump; was 0.30. At 15 minutes, the activity 
from both locations had fallen, but the decrease in peripheral activity was less 
than that from the pump side, so that the ratio had risen to 0.70. Radioactivity 
was still present in the last peripheral sample drawn (20 minutes after the start 
of regional brain perfusion ). From the intercept on the R axis of Fig. 3, it can be 
calculated that at infinite time, the radiolabel would have distributed itself into 
a plasma volume (the total of actual plasma, plus tissue) of 3,000 to 4,000 ml. 
This result was obtained by comparing the counts/minute of the standard with 
that expected in 1 ml of plasma at “infinite” time. 


DISCUSSION 


During the infusion with triethylene thiophosphoramide-S**, the magnitude 


ACTIVITY PER UNIT VOLUME OF PLASMA 








6 8 
TIME (MINUTES) 


Fig. 2 


Fig. 2. Radioactivity (triethylene thiophosphoramide-S*) in perfusing fluid as function of 
time (data from first case). 
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of the decrease in the radioactivity from the 600 ml perfusate was unexpected. At 
one minute after the start of the perfusion with triethylene thiophosphoramide-S**, 
the radioactivity was distributed approximately as follows: 


Present in plasma in the pump circulation 60% 

Present in plasma in the peripheral blood 14% 

Therefore, bound to brain, formed elements 26% 
of blood, or elsewhere 


The exact locale of the “bound” fraction cannot be stated with certainty, and a 
small peripheral component is undoubtedly present. In addition, much of the 
radiolabel may not be present as the original alkylating agent, since such com- 
pounds are unstable in, vivo. (2) 


For the albumin-"*"I only limited data are available; based on determinations 
at 3 and 13 minutes, the half-time of the radioactive iodine within the pump 
circulation was on the order of 15 minutes. In this case, then, the collateral cir- 
culatory loss was considerable in comparison with reported experiences (or 
perhaps more bound to the tumor in this case). 

The information from the two perfusion studies with thio-TEPA raises ques- 
tion as to the margin of benefit of carotid perfusion over carotid infusion. The 
clinical responses were of such a nature as to support the use of thio-TEPA 


RADIOACTIVITY PER UNIT VOLUME OF PLASMA 








0.4 
RECIPROCAL MINUTES 


Fig. 3 


Fig. 3. Radioactivity in perfusing fluid plotted as function of reciprocal time. Lines drawn by 
method of least squares. Squares: case 1; circles: case 2. 





900 SPENCER, MARK AND FLANIGAN 


in glioblastoma multiforme. However, because of the rapid depletion of th 
therapeutic agent from the perfusate, prolonged recirculation may be unneces 
sary. On the other hand, the technique does permit exclusion of the externa 
carotid circulation, and in the initial four minutes of perfusion there is probabl 
opportunity for repeated passage of the drug. Even with a rapid fall-off in th 
concentration of the alkylating agent in the pump circulation, the tissues und 
treatment are experiencing a greater exposure to the drug than in the case of 

simple infusion. 

The significance of the hyperbolic description of the loss of radioactivit: 
from a regional perfusion system is still obscure. We have observed that in 
analogue computer solutions of the distribution of radioactivity in models, on 
or more of the peripheral compartments have entry terms that closely approxi 
mate hyperbolas. Hence, the observation of a hyperbolic fit to the present date 
may be fortuitous, and dependent upon the large number of compartments in- 
volved. Austen and Racker (5) described studies of tumor perfusion, and included 
measurement of the erythrocyte loss from the isolated cerebral circulation as 
quantitated by means of *'Cr-labeled red blood cells. From values given in thei 
Fig. 25, we can calculate that the hyperbolic description also holds for loss of 
tagged cells during the period 10 to 35 minutes after the start of perfusion. 


SUMMARY 


During a regional brain perfusion, albumin-'*'I added to the perfusing fluid 
rapidly decreased in activity and appeared in the peripheral circulation. When 
triethylene thiophosphoramide-S* was present in the perfusing fluid, about 14 
per cent appeared in the peripheral circulation within one minute. The con- 
centration of radioactivity in the perfusing fluid, as a function of time, was de- 
scribed by an hyperbola. These results cast doubt on the efficacy of carrying 
regional brain perfusion beyond four or five minutes. 
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Hepatic Blood Flow Determined by Colloidal Gold Clearance 
Compared with Direct Flow Measurements’ 


Thomas L. Carter, M.D.? and Jay L. Ankeney, M.D.* 


Liver blood flow is usually evaluated clinically and experimentally by indi- 
rect methods using bromsulphalein (2) or radioactive colloid suspensions (4, 5). 
[he value of an indirect method is contingent upon the accuracy with which it 
monitors actual blood flow. Selkurt compared the bromsulphalein clearance 
method with direct flow measurements and found a good correlation to exist 
(16, 17). Razzak and Wagner (15) showed that hepatic blood flow measured 
by colloidal gold clearance compared favorably with flows measured by direct 
collection of hepatic venous blood. Experiments herein reported are similar to 
those described by Razzak and Wagner in which liver blood flow rates were de- 
termined indirectly using radioactive gold (1®8Au) colloid and compared with 
direct flow measurements obtained with a hepatic venous outflow technique. 
In addition, the present study included measurement of the rate of particle 
clearance by peripheral, splanchnic and hepatic vascular beds as well as tissue 
distribution of this substance following a period of infusion. 


METHODS 


Dogs weighing 20 to 27 kg were anesthetized with sodium pentobarbital. 
Using a cautery, the chest was entered through the right fifth intercostal space, 
and the abdomen through a right subcostal incision. (Refer to Fig. I for details 
of the experimental set up.) Cord tapes were passed around the inferior vena 
cava just below the right atrium (A) and immediately above the adrenal veins 
(A’). A third tape (B) was passed around the superior vena cava between the 
right atrium and the azygos vein. Small polyethylene catheters were inserted into 
the portal vein, inferior vena cava and internal mammary artery for purposes of 
obtaining blood samples and pressure measurements. Mean systemic pressure 
was measured with a mercury manometer, and venous pressure by measuring 
the blood level in the polyethylene catheters with a meter rule. All zero levels 
were adjusted to the level of the right atrium. 
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Inferior and superior (No. 26F) vena cava catheters were inserted through 
the right atrial appendage and lateral wall respectively. The inferior cava 
catheter was passed into the abdomen so that its tip lay at the level of the 
renal vein, below tape A’. Side opening C in this catheter at the right atriun 
afforded an intralumenal route for return of vena cava blood to the hear 
when tapes A and A’ were tightened. The azygos vein remained patent as an 
additional return channel of venous blood to the heart. A third venous cathete: 
(No. 24F) inserted through a pursestring suture was placed in the inferior venz 
cava just above the diaphragm between tapes A and A’. The three caval cath 
eters were connected in a short closed loop, (Fig. I) containing side arms fo: 
pressure measurement, flow diversion to a volumetric vessel and, during cardio- 
pulmonary bypass, diversion of venous blood to the pump-oxygenator. Oxygen 
ated blood re-entered the arterial tree via a cannulated femoral artery. 


The segment of the inferior vena cava receiving the hepatic veins was iso- 
lated by tightening the tapes at A and A’. By simultaneously clamping at D and 
releasing at E, the entire hepatic blood flow could be directed to a volumetric 
vessel for a known time period, and appropriate minute flow calculations made. 
During the period of hepatic vein diversion, venous return to the heart was 
held constant by infusing donor blood at a rate equal to hepatic vein outflow. 
Hepatic venous pressure was held constant by adjusting the height of the diver- 
sion tube outlet. Thus, diversion tube resistance, outlet level and decreased 
venous return did not affect hemodynamics during the hepatic blood flow meas- 
urement. Inferior vena cava pressure remained constant during flow measure- 
ments, indicating that the inferior vena caval return was not significantly impeded 
by occlusion at A and A’. 


Two groups of animals were observed. In 13 experiments (perfused group), 
cardiac output (75 cc/kg/min) was controled by means of total cardiopulmon- 
ary bypass with a rotating disc heart-lung machine for a period of 45 minutes. 
These animals were also observed before and after the bypass for periods of 15 
minutes. A second group of 10 animals (control group), having the same surgical 
preparation, was observed for a period of 45 minutes without utilization of car- 
diopulmonary bypass. 


In all animals, arterial and venous pressures were monitored continuously 
and hepatic vein blood flow measured directly every five minutes. Every 15 min- 
utes blood specimens were drawn from actively flowing blood in the portal 
vein, hepatic vein, brachial vein, and internal mammary artery for gold colloid 
assay. 


This colloid was a commercial preparation of !**Au having a mean particle 
size of 3 millimicra and a specific activity of 3 to 4 wc/mg. Constant rate intra- 
venous infusion was begun 30 minutes before the first blood specimens were 
drawn in order to establish a stable level of colloid. The total dose of gold was 
under 10 mg, which is substantially less than the 250 mg considered capable of 
producing toxic effects on the reticuloendothelial system (18). 


At the end of each experiment the infusion was discontinued and the gold 
colloid in the circulating blood allowed to clear over a period of 15 minutes. 
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After sacrifice of the animal, a residual blood sample was taken and the liver, 
spleen and lungs removed and weighed. Representative portions of each organ 
were prepared, weighed and assayed for !*8Au content, using a well-type emis- 
sion counter. The gold uptake of the liver, spleen, and lungs, as well as the resid- 
ual in the blood, was calculated from these data. Total gold colloid infused was 
calculated from the duration of the infusion period, infusion rate and infusate 
assay. 


Colloid blood level varied widely between experiments, depending upon 
log weight, activity decay of colloid and hemodynamic factors. To facilitate tabu- 
lation of data from all experiments, activity concentration of venous blood col- - 
loid was expressed as a ratio of corresponding arterial concentration. The average 
colloid activity concentration in the portal venous, hepatic venous, and periph- 
eral venous blood for all dogs studied, expressed as a ratio of the correspond- 
ing arterial concentration, was computed. From these average concentrations, 
the clearance efficiencies of 1°8Au (afferent-efferent concentrations/afferent con- 
centration) of the tissues studied were calculated. 


In addition to the post mortem assay of gold uptake by the tissues, a second 
independent estimate of uptake by the hepatic, splanchnic, and peripheral tis- 
sues was made from observed concentration gradients and blood flows. During 
cardiopulmonary bypass in 13 dogs, the cardiac output (perfusion pump flow) 
was controlled and known. The portion perfusing the liver was measured di- 
rectly, and it was assumed that 75 per cent of the afferent blood supply was via 
the portal vein and 25 percent was via the hepatic artery. 

Let: 


C, = absolute colloid concentration in arterial blood 

C,, = relative concentration in hepatic venous blood (Fig. 2) 
C, = relative concentration in portal venous blood (Fig. 2) 
C 


p 

, = relative concentration in peripheral venous blood (Fig. 2) 
CO = cardiac output (perfusion pump flow) 
% = hepatic vein flow/cardiac output (determined experimentally ) 


Then: 
@CO = hepatic vein flow 
.75O@CO = portal vein flow 
.259CO = hepatic artery flow 
(1 — @)CO = peripheral vein flow 


And: 
Since uptake = concentration gradient * flow * time 
(1) hepatic uptake = (C, —C,,)C, + .750 * CO + time + (1 —C,)C, * .250 
* CO time 
(2) splanchnic uptake = (1 —C,)C, * .75 @* CO* time 
(3) peripheral uptake = (1 —C,,)C, (1 —@) » CO * time 
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_ (1) 
(1) + (2) + (3) a) 
percent of total gold dose in splanchnic tissue = (1) + (2) + (3) 
(1) 
(1) + (2) + (3) 

Hepatic vein blood flow was determined indirectly using the ratio of th: 
rate of hepatic colloid uptake to the transhepatic concentration gradient (Fich 
principle). The rate of hepatic uptake is the rate of colloid infusion into th 
animal times the percent of total dose accumulated in the liver. The trans 
hepatic concentration gradient was taken as the difference between the porta 
and hepatic venous concentrations. A small error introduced by neglecting the 
slight difference between portal vein and hepatic artery concentration was ac- 
cepted in the interest of simplicity. The indirect measurements of hepatic blood 
flow were compared with the corresponding direct flow measurements. 


percent of total gold dose in liver = 


percent of total gold dose in peripheral tissue = 
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Fig. 1. Schematic diagram representing placement of catheters for venous flow diversion 
and pressure measurement. 











HEPATIC BLOOD VS DIRECT FLOW BY COLLOID GOLD CLEARANCE 
RESULTS 


Figure 2 shows gold colloid concentration expressed as a per cent of the 
rterial level in the peripheral vein (b), portal vein (c), and hepatic vein (d) 
n 57 sets of measurements in 10 control dogs and 49 sets of measurements in 13 
yerfused animals. These data show a concentration drop from 100 per cent in 
he arterial blood to 93 per cent in the portal vein blood and a further decline to 
‘5 per cent in the hepatic vein blood. Peripheral vein concentration was equiva- 
ent to portal vein values. There was no significant difference between perfused 
ind control groups of animals. 


Figure 3 shows the clearance efficiency in the tissues studied expressed as 
he percent of afferent gold colloid concentration removed. The hepatic clear- 
ince efficiency of approximately 72 per cent was substantially larger than the 7 
er cent clearance efficiency of the splanchnic and peripheral capillary beds. 


The tissue accumulation of colloid is shown in Fig. 4. Assay of post mortem 
tissue showed that approximately 71 per cent of the infused '**Au colloid was 
present in the liver. Spleen and lung tissue accounted for another 3 and 2 per 
cent respectively. Residual colloid in the post mortem blood was present in only 
trace amounts. Approximately 25 percent of the infused gold was not accounted 
for in the tissues assayed. 


The tissue accumulations calculated from clearance efficiency and flow rates 
(Fig. 4) indicate that the hepatic, splanchnic, and peripheral capillary beds 
absorbed respectively 72.3, 6.2, and 21.5 per cent of the infused colloid in the 
control group and 73.3, 4.4 and 22.2 per cent in the perfused animals. 


Table Ia lists 29 hepatic vein minute blood flows determined concurrently 
by the indirect and direct methods in the control group of animals. It is appar- 
ent that the indirect colloid gold method approximates quite closely and consist- 
ently the corresponding hepatic flow measured directly. In Table Ib, the results 
of 51 flow measurements in experiments employing controlled cardiac output 
(perfused group) are listed, and a similar correlation between the two methods 
is demonstrated. In addition, it can be noted that significant changes in hepatic 
vein flow are reflected promptly in the indirect determination. 


A statistical analysis comparing the two methods is presented in Table II. 
On the average, the ratio of indirect to direct flow measurements varies less than 
eight per cent from a perfect correlation of 1:1. This is less than the standard devi- 
ation computed for the 80 sets of flow determinations reported in this study. 


DISCUSSION 


Previously reported methods for the direct measurement of hepatic vein 
flow have involved extensive surgical preparations with major alterations in the 
vascular supply of the abdominal viscera. Macleod and Pierce (13) isolated 
hepatic outflow by ligation of the vena cava above and below the hepatic veins 
and the aorta below the superior mesenteric artery. Blalock and Mason (1) 
isolated hepatic outflow by occluding the vena cava above and below the hepatic 
vein ostea with a double ballooned cannula inserted from the jugular vein via the 
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. 2. Relative concentration of gold colloid expressed as per cent of arterial concentration 
in peripheral, portal and hepatic venous blood. 
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Fig. 3. Clearance efficiency of peripheral, splanchnic and hepatic tissues expressed as percent- 
age of afferent gold colloid removed in one pass. 





HEPATIC BLOOD VS DIRECT FLOW BY COLLOID GOLD CLEARANCE 


TISSUE ACCUMULATION 


BLOOD 0.2 BLOOD 0,3 


OTHER \ / LUNG 1.8 OTHER LUNG 2.1 
24.2 come 24.3 o- 


SPLEEN 2.9 SPLEEN 2.5 
LIVER 70.9 LIVER 70.8 P 




















CONTROL (10 DOGS) PERFUSION (8 DOGS) 


(A) POSTMORTEM ASSAY (% TOTAL DOSE) 


PERIPHERAL PERIPHERAL 


fe SPLANCHNIC 








oo SPLANCHNIC 
- 


CONTROL (10 DOGS) PERFUSION (13 DOGS) 


(B) COMPUTED (% TOTAL DOSE) 


Fig. 4. Accumulation of infused gold colloid in various tissues determined by a) assay of post 
mortem tissue specimens and b) computation from measured flow rates and concen- 
tration gradients, expressed as per cent of total dose. 





CARTER AND ANKENEY 


TABLE IA 


COMPARISON OF HEPATIC FLOws (CC/MIN) MEASURED CONCURRENTLY BY INDIRECT 
AND DirREcT METHOD IN 10 DoGs—ContTROL GRouP 





Experimental Conditions 


Middle Late 
Indir:Dir Indir:Dir Indir:Dir 
275:265 234:250 262 :234 
245 204:262 224:246 311:294 
246 279 :252 278 :244 231:268 
250 384:372 284:331 236:262 
253 258 :302 269 :264 152:182 
254 209 :288 295 :264 258 :240 
257 275:294 261:296 228:252 
260 173:208 223:273 —~ 
261 341 :324 302 :330 283 :306 
265 401:387 340:321 381:317 
Mean 280:295 271:282 260 :262 


TABLE [IB 


COMPARISON OF HEPATIC FLOws (CC/MIN) MEASURED CONCURRENTLY BY INDIRECT 
AND Direct METHOD IN 13 DoGs—PERFUSED GROUP 


Experimental Conditions 


Before Early Mid Late 
Perfusion Perfusion Perfusion Perfusion 


Indir:Dir Indir:Dir Indir:Dir Indir:Dir 
247 :224 415:510 676:690 635 :690 
244 243 :222 413:491 382:519 430:562 
248 208 :240 269 :357 424:471 461:476 
249 402 :386 450:480 238 :304 190:206 
251 384:405 333:357 403 :376 372:381 
252 364:453 483:570 484:546 496:479 
255 320:360 360 :420 342 :324 309 :345 
256 323:300 391 :480 383 :408 402 :384 
258 217:354 369 :447 336:480 354:486 
259 268 :255 430:432 332:297 273:282 
262 289:318 438 :462 a 361 :327 
263 219:225 343 :327 340 :345 362:315 
264 162:150 207 :222 273:384 323:315 
Mean 280:299 376:427 384:420 382 :404 
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right atrium. Grindley, Herrick, and Mann (7) ligated the abdominal vena cava 
several months prior to flow measurements. The method employed in this in- 
vestigation is considered to closely approximate the physiological state because 
the integrity of the abdominal circulation was maintained and intralumenal 
pressures did not vary during flow measurement. 


Indirect methods, through the avoidance of surgical trauma and disruption 
of vascular supply, have the advantage of estimating hepatic vein flow in an op- 
timal physiological milieu. However, certain assumptions must be made con- 
cerning the fate of the indicator substance employed. The method of Lipscomb 
and Crandall (11) using endogenous urea production and transhepatic urea 
concentration gradient has, as they point out, the disadvantage of a large inher- 
ent error due to the small differences in the concentrations measured. The work 
of Bradley et al (2) has led to the use of bromsulphalein as the most commonly 
employed method for clinical and experimental hepatic vein flow evaluation. 
This method assumes a functioning hepatic parenchyma and biliary tree (8) as 
well as negligible extrahepatic clearance. 


The selective uptake of intravenously injected particulate material by the 
liver and spleen has long been known (12). The work of Jones et al (9) has 
prompted the investigation of a wide variety of radiation emitting colloids which 
are cleared from the blood stream principally by the hepatic reticuloendothelial 
system (3,5,18). This phenomenon has been employed in clinical evaluations of 
hepatic blood flow using gold colloid (10,14). However, these studies did not 
consider the extrahepatic clearance of colloid. Razzak and Wagner (15) meas- 
ured hepatic blood flow employing the rate of clearance of radioactive cold 
colloid from the peripheral blood following a single injection of the colloid. When 
compared with direct flow measurements obtained concurrently with a hepatic 
vein diversion technique, they demonstrated a good correlation between the 
two methods. In their calculations, they employed hepatic clearance efficiency as 
a correction factor in determinating calculated hepatic blood flow. 


Under the conditions employed in this study, the liver accumulated about 
72 per cent of the total infused dose of colloid (Fig. 4). Thus the effective infu- 


TABLE II 


SUMMARY OF COMPARISON OF CONCURRENT FLOW MEASUREMENTS 











Control Group Perfused Group 
Std Std 
Mean Dev N Mean Dev N 
Indir:Dir Indir:Dir 
271:280 29 355 :387 51 


0.97:1.0 0.07 29 0.92:1.0 0.08 51 
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sion of gold to the liver was 72 per cent of the actual infusion rate; the remaining 
28 per cent of the infusion being cleared by extrahepatic tissues. Failure to con- 
sider the significant extrahepatic clearance when calculating estimated hepatic 
blood flow would result in overstatement of flow by a commensurate amount 
Thus, in this study, the numerator of the Fick equation (flow = accumulation 
rate/concentration gradient) was taken as 0.72 X infusion rate to the animal 
Use of this factor produced good agreement between calculated hepatic blood 
flow and the corresponding direct flow for 80 pairs of measurements in 23 ani. 
mals as shown in Table I. The statistical analysis presented in Table II shows 
that the agreement approached the ideal of 1:1 and was within one standard 
deviation. The wider differences observed within individual pairs of measure- 
ments were most likely due to errors in direct flow measurement, colloid gold 
analysis, and contamination of hepatic vein samples by caval blood which, 
though individually small, could compound to produce the variation observed 
within individual pairs of determinations. 


The use of coarser colloid particles could produce the selective hepatic 
uptake of about 95 percent of the total dose attained with bromsulphalein (17). 
Dobson et al (4) have shown that particle size has an important effect upon 
the selective uptake. Their studies have shown that very coarse particles, about 
one micron, are taken up almost exclusively by the liver and spleen, while the 
finer particles commonly employed in commercial suspension are cleared by these 
organs to the extent of about 80 per cent. This compares with a combined liver- 
spleen clearance of about 75 per cent observed with the fine commercial prepara- 
tion used in this study. 


The clinical investigator would not be able to obtain hepatic and portal vein 
blood specimens as was done in these animal experiments, and alternatives must 
be considered. The fact that the portal and peripheral venous blood colloid con- 
cenfrations were equal (Fig. 2) suggests use of the latter to estimate the 
former; thus, substituting a readily available specimen for a much less available 
one. Hepatic vein concentration can be calculated from the portal (peripheral ) 
vein concentration using the observed clearance efficiency of the liver (Fig. 3). 


A constant rate infusion of colloid was employed in this investigation in 
order to facilitate investigation of clearing mechanisms. The validity of using gold 
colloid to estimate hepatic blood flow shown in this study could be extended to 
a single injection technique, as demonstrated by Razzak and Wagner, since the 
same clearing mechanisms apply. The single injection method, which is ade- 
quately described elsewhere (4,15,16) would be much more applicable to clini- 
cal investigations because it requires only the measurement of activity decay 
in peripheral blood following the injection of colloid. Both approaches, how- 
ever, depend upon preferential clearance of colloid by the liver. Thus, the extra- 
hepatic clearance must be considered if hepatic flow is not to be overestimated. 
This is particularly important in disease states such as advanced cirrhosis, where 
shunting of blood past the liver sinusoids would tend to increase the extra- 
hepatic clearance of colloid. 
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Though the value of the bromsulphalein technique is well established in 
most clinical situations, evaluation of hepatic blood flow using infused gold col- 
loid has several potential advantages. First, the assay of specimens is relatively 
simple, requiring only the measurement of radioactivity in a volume of whole 
blood. Plasma pigments do not complicate the determination. Second, the colloid 
method responds more sensitively to changing flow rates than bromsulphalein 
since the former is cleared from the blood stream almost twice as fast as the 
latter (6), and thus reaches a new equilibrium sooner. Inspection of Table I 
shows that abrupt changes in flow rate are reflected -accurately in indirect flow 
measurements using colloid gold. Third, since a colloid suspension is cleared 
by the kupfer cell and not the hepatic cell, tests using it do not depend upon a 
functioning liver parenchyma or biliary tree and, therefore, could be employed 
in the presence of active liver disease or biliary obstruction. 


The difference between colloid gold and bromsulphalein clearing mechan- 
isms suggests a potential method for differentiating reduced hepatic blood flow, 
biliary obstruction and parenchymal liver disease. Bromsulphalein clearance is 
compromised in all three situations while gold colloid clearance would be de- 
pressed only if hepatic blood flow were reduced since it does not depend upon 
a functioning hepatic cell and is not excreted significantly in bile. 


SUMMARY 


The validity of indirect hepatic blood flow measurement employing clearance 
of exogenous gold colloid was investigated in dogs. In one series of animals, 
cardiac output was controlled by extracorporeal perfusion and, in another, car- 
diac function was intact. In both groups of animals hepatic flow was measured 
directly by diverting the hepatic outflow into a volumetric flask without intro- 
ducing hemodynamic changes. With a constant infusion rate of radioactive gold 
colloid, the activity concentration was measured with the arterial, portal venous, 
hepatic venous and peripheral venous blood. From these blood levels and post 
mortem tissue assay, clearance of colloid by the liver, and extrahepatic tissue 
was calculated and liver blood flows computed using the modified Fick principle. 


In 80 sets of observations in 10 uncontrolled and 13 controlled cardiac 
output dogs, good agreement was observed between hepatic vein blood flow 
determined by gold colloid’ clearance and concurrent direct flow measurements. 
The indirect determinations responded quickly to changes in hepatic flow. The 
results of this study confirm the findings of Razzak and Wagner, who have 
demonstrated a good correlation between hepatic blood flow determined by a 
gold colloid clearance method and a direct flow measurement technique. 


Extrahepatic clearance of gold colloid was significant and must be considered 
when evaluating hepatic vein flow with this material. This is particularly im- 
portant in certain disease states where blood is shunted past the liver sinusoids. 
Peripheral vein colloid concentrations closely approximated portal vein concen- 
tration and, thus, could be used to approximate a sample from this inaccessable 
vessel, 
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A Rapid Determination of the Specific Activity of 
“Krypton in Pressurized Cylinders 


Kenneth D. Williams, M.S.! 
Bethesda, Maryland 


During the past several years, the inhalation of radioactive **krypton gas 
has been utilized as a diagnostic method in the identification of left-to-right cir- 
culatory shunts (1,2). The current procedure requires the patient to breathe a 
mixture of *krypton in air directly from a pressurized cylinder. To estimate the 
radiation exposure to the patient, it is necessary to know the concentration of the 
inhaled **krypton mixture prior to administration (3). 

A precise value for the specific activity of **krypton in a given cylinder may 
be obtained by removing a sample of gas and comparing it with a certified 
‘Skrypton gas standard at a known temperature and pressure. **Krypton gas 
standards may be obtained from the National Bureau of Standards. However, 
since this procedure is time consuming when dealing with a large number of 
cylinders, a simple, sensitive, and rapid method has been devised to eliminate 
the need for sampling the gas from all the cylinders (4). 


METHODS AND MATERIALS 


Number 4, steel, pressurized cylinders containing approximately 80 mc of 
‘krypton in 200 liters of air at a pressure of 1,280 psi were used in this study. 
The manufacturer has stated that the average volume of these cylinders is 2.31 
liters. 

To determine the total activity of **krypton in a cylinder, the radiation in- 
tensity at the surface parallel to the long axis of the cylinder was measured using 
an end-window Geiger-Mueller tube and a scaler. The Geiger-Mueller tube was 
placed so that the end-window was as close as possible and normal to the surface 
of the cylinder. The count-rate (corrected for coincidence and background) for 
a given cylinder was found to be proportional to the total activity (A) of 
‘krypton, thus: 

chm = kA (1) 
where k is the constant of proportionality. The value for k will vary from 
cylinder to cylinder. Since the activity is the product of the specific activity of a 
unit volume (SA) and the volume (V) of the gas at some temperature and pres- 


sure, an expression for the specific activity at a temperature of 20° C and a pres- 
sure of 760 mm of Hg (S.T.P.) is given by 


SA = Kcepm/P (2) 


U.S.D.H.E.W., Public Health Service, National Institutes of Health, Clinical Center, 
Department of Radiation Safety, Bethesda, Maryland 20014. 
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The constant K expresses the proportionality between the count-rate and the total 
activity, and the proportionality between the volume of gas at S.T.P. and at the 
pressure of the gas in the cylinder. (The derivation is given as an appendix). 

Several cylinders having the same specific activity as determined by direct 
measurement were found to have different surface count-rates due to variations 
in the wall thickness of these cylinders. The difference in wall thickness was 
demonstrated by measuring the intensity of an external gamma source (cobalt) 
with and without empty (no **Kr gas) cylinders in the radiation beam. It was 
found that those cylinders having the same gross weight attenuated the beam 
equally and that there was a variation of attenuation with gross weight. Since 
the gross weights of the cylinders have varied from 12 to 18 pounds, an attenua- 
tion correction factor must be applied to the surface count-rate. Figure 1 is a 
plot of the count-rate correction factor, f, (constant specific activity) as a func- 
tion of the gross weight. A value of unity was assigned to f for a cylinder weight 
of 13 pounds, since this was the weight of the majority of the cylinders. The 
specific activity (S.T.P.) is now given by 

SA = Kf cpm/P (3) 

The value of K can be determined if the count-rate, pressure and specific 
activity of samples from several cylinders are known. Data from 20 cylinders 
were used to establish the values of K and f. The pressure of the gas in each 
cylinder was measured with a calibrated pressure gauge and the count-rate was 
measured at the surface of each cylinder. It was found that the count-rate was 
independent of the location of the Geiger-Mueller tube along the surface parallel 
to the long axis of the cylinder. However, the count-rate varied considerably 
at either end. The specific activity of a small sample was determined at atmos- 
pheric pressure using ionization chamber methods. 

A vacuum manifold system was used for removing gas samples from a 
cylinder. Gas was allowed to expand into the evacuated system until a manom- 
eter indicated atmospheric pressure. The sample collecting flask was closed 
and removed so that the system could be reevacuated for the next cylinder. A 
pre-calibrated gas-tight syringe was used to transfer a small volume of gas from 
the sample flask (Fig. 2) to an evacuated ionization chamber (Fig. 3). Air was 
added to the chamber until the gas inside was at atmospheric pressure, then 
the chamber valve was closed. The sample volumes were corrected from at- 
mospheric temperature and pressure to standard temperature and pressure. 

The apparatus used to determine the activity of **krypton in the chamber 
consisted of a vibrating-reed electrometer and a strip chart recorder. The sensi- 
tivity (amp/uc) of the electrometer system (for a one liter chamber) was ob- 
tained using a certified **krypton gas standard. The ionization current was 
measured by both the high-resistance-leak method and the rate-of-charge 
method. The specific activity was then calculated, using the volume (S.T.P.) 
of the sample transferred into the chamber. 


RESULTS AND APPENDIX 


Table I shows the surface count-rate, cylinder pressure and the measured 
specific activity for seven cylinders, each weighing 13 pounds (f = 1). These 





*S}YSIOM SSOIS JUSIOPIP SULAvY SIopurpAD 10} SUOT}D9II0N 9381-JUNOD “*[ “BIA 


(Qi) LHSISM Y3ONINAD 


S| vl 
| | 





Z 
5 
= 
ay 
> 
@ 

te 
° 
E 
e 
5 
< 
Q 
= 
s 
5 
a 


a 
oO 
- 
© 
< 
uu 
=z 
= 
fj 
O 
lJ 
a 
a 
Oo 
oO 
= 
a. 
O 














g 
a 
S 
=| 
— 
= 








Jajsuvl} seB pue Jaquivyo UOTeZIUO! pajyenoeAy ‘¢ 


Zz 
ce) 
= 
na 
ir] 
e@ 
fe 
° 
> 
5 
> 
5 
< 
fe) 
_ 
By 
Oo 
es] 
Ay 
nm 








918 WILLIAMS 


data along with equation (3) were used to determine the value of K. The aver- 
age value of K for our system was found to be 0.0348 when P is expressed in psi, 

Table II lists the calculated values and the measured values of the specifi 
activity for 12 cylinders. These data show that the difference between the calcu- 
lated and measured values of specific activity is no greater than 5 per cent. Th: 
precision in measuring the specific activity is of the order of 2 percent. Therefor 
the overall accuracy of the rapid method is estimated to be within 10 percent. 

The following symbols are used to derive the expression for the specifi 
activity at S.T.P.: 

S.T.P. = standard temperature and pressure (20° C and 760 mm of Hg) 

SA = the specific activity of the **Kr gas at S.T.P. (in mc/liters ) 


TABLE | 


CALCULATED VALUES OF K DETERMINED FROM DIRECTLY MEASURED VALUES OF 
SPECIFIC ACTIVITY FOR KRYPTON® CYLINDERS WEIGHING 13 PouNDS 


Cylinder Net Count-Rate Cylinder Pressure Specific Activity 

Tag No. (cpm) (pst) (uc/ml) 
CQ8859 16000 1150 0.510 
DB1744 14000 1110 0.443 
DB1746 13500 1110 0.436 
DB1750 8900 790 0.440 
DB1792 14500 1070 0.437 
DB1793 15000 1150 0.437 
DB6210 14200 1090 0.466 


Average Value for K = 0.0348 + 0.0015. 


TABLE II 


CALCULATED AND MEASURED VALUES OF SPECIFIC ACTIVITY OF VARIOUS 
KRYPTON® CYLINDERS 


Gross Calculated Measured 

Net Cylinder Cylinder Specific Specific 

Cylinder Count-Rate Weight Pressure Activity Activity 
Tag No. (cpm) (lbs) (pst) (uc/ml) (uc/ml) 
BT7232 7300 15 820 0.319 0.325 
DB6209 8900 16 700 0.463 0.470 
DB6976 14500 16 1200 0.438 0.437 
DB6977 14700 13 1200 0.428 0.428 
DB6979 14400 13 1190 0.422 0.420 
DB6980 12400 13 990 0.438 0.439 
DB6981 14600 13 1190 0.428 0.442 
DB6982 13600 13 1110 0.428 0.436 
DB6984 14800 13 1180 0.438 0.433 
DI2528 13400 13 1200 0.390 0.383 
DI2529 11600 13 1200 0.337 0.334 
DJ8503 11700 13 1210 0.335 0.330 





SPECIFIC ACTIVITY OF ®®*kRYPTON 


V, = volume of the **Kr gas at S.T.P. (in liters ) 

p, = atmospheric pressure (average = 14.6 psi) 

v = internal volume of cylinder (nominal value of 2.31 liters. )! 

P = gauge pressure of **Kr gas in the cylinder (in psi) 

C = compressibility factor for air at 1,200 psi (0.9875)! 

Since the count-rate (cpm) at the surface of a cylinder is proportional to 
the activity of ®°Kr in the cylinder, then: 


A = SA X Vo = ki chm 


vhere k, is the proportionality constant. An expression for V, can be obtained 
(rom the ideal gas law. Thus: 


Vopo = v(p + po)/C 
and 


Vo = o0(P + fo)/Cho 


However, since p, is small compared to P (1,200 psi) and the daily variation 
in p, is less than 2 per cent, then 


Vo = koP 
liters 


where ko = v/Cho = 2.31/(0.9875 XK 14.6) = 0.16 pm 
Substituting for V, in the original equation gives 


_ hi y chm 
hi F 


If K = k,/k,, then the specific activity at S.T.P. is given by 


SA 


SA = K cpm/P 


‘These values obtained from the Matheson Company. 
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The Uptake of Differentially Coupled 
“As-Arsano-Poly-L-Lysine in 
Tumor-Bearing Mouse Tissues’ 


John L. Mego, Ph.D. and J. Donald McQueen, M.D.” 


Baltimore 


In an experimental evaluation of scanning agents, Long et al noted that 
high tumor-to-brain ratios were obtained with substances which tended to be- 
come bound by proteins in the plasma, and that the highest concentrations in 
tumor were obtained with radioiodinated albumin (1). This macromolecule 
and polyvinylpyrrolidone-''I (2) have been popular scanning agents, although 
the persistently high blood levels and long biological half-life are major disad- 
vantages. We have studied the localization of macromolecules, coupled with 
™4As-arsanilic acid, in tumor and other tissues (3,4). These materials are not 
suitable for clinical scanning because of prolonged retention in the liver and 
kidneys, although the tumor levels were approximately as high as those obtained 
with ™'J-albumin (3). 

In an evaluation of the distribution of intravenously injected *4As-arsonoazo- 
albumin in tumor-bearing mice, it was noted that the tissue levels varied with 
the amount of *As-arsanilate coupled per molecule of protein. In a similar 
study, “4As-arsanilate was coupled to poly-L-lysine and injected into tumor- 
bearing mice (4). During the course of this work, it was also noted that incon- 
sistent results were obtained if the ratio of arsanilate to lysine was varied. In 


*Supported by Contract AT (30-1) 2182, U. S. Atomic Energy Commission, and Grant 
No. C-3265, National Cancer Institute, National Institutes of Health. Part of the material in 
this paper was presented at the American Chemical Society, Division of Biological Chemistry, 
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versity School of Medicine. 
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view of the differences in uptake by tissues according to the method of prepara- 
tion of these materials, it was considered worth while to carry out a detailed 
study of the effect of adding varying quanties of “4As-arsanilate to poly-L-lysine 
in order to ascertain if some consistent pattern could be detected which could 
be of value in the preparation and evaluation of other macromolecular scanning 
agents or similar materials. 


MATERIALS AND METHODS 


Poly-L-lysine hydrochloride of molecular weight 210,000 was obtained from 
Mann Research Laboratories and used throughout this study. “As-arsanilic acid 
was synthesized and coupled to polylysine by diazotization. Details of the syn- 
thesis and coupling procedures have been reported elsewhere (3, 4). 


Diazotized ™As-arsanilate in amounts ranging from 60 to 150 pmoles with 
specific activities of 300,000 to 75,000 cpm/ymole, was added to 6 samples of 5 
mg (30 umoles lysine moiety) polylysine dissolved in 1 ml 0.5 M, pH 10, car- 
bonate buffer. The pH was carefully maintained at around 10 with small amounts 
of normal NaOH during the addition of diazotate. Coupling was allowed to take 
place overnight, and the solutions were then transferred to dialysis bags and 
dialyzed against 0.1 M NaCl with 5 x 10-* M phosphate, pH 7, for at least five 
days with daily changes of the dialyzing solution. All procedures were carried 
out at 4° C. After dialysis, the solutions were quantitatively removed from the 
dialysis bags and the volumes measured. A 0.1 ml sample of each preparation 
was counted in a well counter and the amount of arsanilate coupled per 30 lysines 
(5 mg polylysine) was calculated from the specific activity of the ™As-arsanilate. 


All counts were corrected for background and decay. A typical preparation of 
74As-arsono-polylysine solutions is illustrated in the Table. In this Table, the 


TABLE 


THE PREPARATION OF DIFFERENTIALLY COUPLED 7AS-ARSONO-POLYLYSINE 








umoles diazotate Sp. act. of Total chm umoles arsanilate 
added to 5 mg diazotate* after incorp 
polylys** (cpm/yumole) dialysis per 30 lysines** 





60 226, 284 2,459,445 11 
75 226, 284 2,912,846 13 
90 113,142 2,082,697 18 
105 113,142 2,208, 161 20 
120 56,571 1,479,918 26 
150 56,571 1,745, 242 31 

















*Corrected for decay during 5 days dialysis. 
**5 mg polylysine is equivalent to 30 umoles lysine moieties. 
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quantity of diazotized “*As-arsanilate added to 5 mg (30 lysines) polylysine is 
shown in the second column. The specific activity, in counts per minute per pmole, 
of the added diazotate is shown in the third column. After dialysis, the solutions 
were quantitatively removed from the dialysis bags, measured, and a sample 
was counted. The total counts in the solution were calculated, and this num- 
ber (fourth column) was divided by the specific activity (corrected for decay 
during the dialysis period) which resulted in the figure in the last column repre- 
senting the number of »moles arsanilate coupled per 30 »moles lysine moieties. 


0.1 ml containing 0.3 mg *As-arsono-polylysine was injected into the tail 
veins of C-57 mice. The tumor used in this study was a chemically-induced 
Zimmerman ependymoblastoma. The removal of tissues for counting, and other 
procedures were the same as those described previously (3). The total number 
of animals was 115, with 3 to 8 in each group. 


RESULTS 


Arsono-polylysine preparations containing less than 8 arsanilate groups per 
30 lysine residues were extremely toxic when injected intravenously into mice. 
With 8 to 10 arsanilate groups, the material precipitated during dialysis (pos- 
sibly a charge effect similar to the isoelectric precipitation of proteins). There 
was no evidence of toxicity with preparations containing more than 10 arsanilate 
groups. 


Figure 1 shows the disappearance of *‘As-arsono-polylysine from the blood 
stream of tumor-bearing mice. Rapid clearance was found with the use of mate- 
rial containing 11 to 13 arsanilate groups (per 30 lysine residues). The blood 
levels remained higher with greater coupling ratios. There was some suggestion 
of decreasing clearance rates with each added increment of arsanilate although 
this was not clearly indicated with preparations containing more than 14 to 16 
arsanilate groups. The clearance rates thus appeared to vary inversely with the 
coupling ratios which is opposite to the findings with differentially-coupled 
arsono-albumin. The blood levels with highly coupled arsono-polylysine were 
similar to those found with lightly coupled arsono-albumin (3). 


The levels in tumor, shown in Fig. 2, rose when the number of conjugated 
arsanilate groups was increased above 11 to 13 and were correlated with the 
blood levels. The change in uptake with over 14 to 16 groups was not extensive. 
In terms of per cent of injected dose, the uptake at four hours of the prepara- 
tion with 24 to 31 conjugated arsanilate groups was equal to that obtained with 
mouse serum albumin containing 1 to 2 arsanilate groups (3). There was a pro- 
gressive increase in uptake with time with all preparations except the lightly 
coupled material (11 to 13 groups) which was also removed from the blood 
very rapidly. 


The levels in the liver were correlated with clearance rates from the blood 
stream; the preparations which were most rapidly cleared from the blood were 
the ones which became most highly concentrated in the liver. As with the clear- 
ance rates from the blood stream, there was not a clear difference in uptake of the 
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Fig. 1. Disappearance of “As-arsano-poly-L-lysine from the blood stream of tumor-bearing 
mice. Number of coupled arsanilate groups per 30 lysine moieties is indicated. Re- 
sults in this and following figures are expressed as per cent of injected dose per ml 
of blood (or g of tissue) corrected to a 25 g mouse. 0.3 mg. “As-arsano-poly-L-lysine 
were injected intravenously and mice were sacrificed at indicated times. 
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preparations with greater than 14 to 16 arsanilates except at the four hour period. 

In general, the retention in liver was much the same as has been noted with 
- 

various azoproteins (6-8). 


The levels in kidney also varied inversely with the number of conjugated 
arsanilate groups (Fig. 4). These values were of particular interest since they 
demonstrated a graded effect which was not definite in blood clearance nor in 
liver or tumor levels. This apparent specificity was also found with azoalbumin 
(3). A constancy was noted in the values in each group in the interval between 
one-half and four hours which was quite different from the progressive rise in 
liver uptake. 
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Fig. 2. Uptake of intravenously injected “As-arsano-poly-L-lysine in tumor (chemically-in- 
duced ependymoblastoma ). 
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Fig. 3. Uptake of intravenously injected “‘As-arsano-poly-L-lysine in silver. 
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Fig. 4. Uptake of intravenously injected “‘As-arsano-poly-L-lysine in kidney. 
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DISCUSSION 


In this study some striking differences were noted in the uptake of “‘As- 
arsono-poly-L-lysine in tissues of tumor-bearing mice which varied according to 
the ratio of arsanilate to free lysine groups in the final preparation. There ap- 
peared to be some consistent patterns which can be evaluated from these results. 
The uptake in tumor was directly related to the concentration and persistence 
of radioactivity in the blood stream which, in turn, depended on the rate and 
extent of uptake by the liver and kidneys. The relatively high uptake of 1*'I- 
albumin (1) and 14C-albumin (5) by tumors is also consistent with this observa- 
tion since these materials are also retained in the circulation for prolonged peri- 
ods with comparatively little uptake by kidneys and liver. 


The preparations which were most rapidly removed from the circulation 
were those with the lowest ratio of arsanilate-to-lysine groups. In a similar study 
with 74As-arsonoazo-albumin (3) the results were different in that the highest 
clearance rates were obtained with the more heavily coupled material. Our 
results with ™As-arsono-poly-L-lysine do not permit any general theory concern- 
ing the mechanisms involved which would explain the variation in uptake pat- 
terns. However, poly-L-lysine is a highly basic material, and the addition of the 
negatively charged arsenate groups would tend to make the polylysine molecules 
more neutral or negative in net charge. Further work on this problem is in prog- 
ress in this laboratory at the present time. 


SUMMARY AND CONCLUSIONS 


4As-arsanilate was coupled to poly-L-lysine with various ratios of arsanilate 
to lysine groups in the reactions. The resulting compounds were dialyzed and 
injected into tumor-bearing mice; and the concentrations were measured in 
blood, tumor, kidney and liver up to four hours after injection. Lightly coupled 
preparations (11 to 13 arsanilate groups per 30 lysine residues ) were most rapidly 
cleared from the blood stream and showed the highest uptake by liver and kid- 
neys with relatively low concentrations in tumor. Increasing the number of ar- 
sanilate groups resulted in greater uptake by tumor and less rapid clearance 
from the blood stream with a corresponding decrease in uptake by kidneys and 
liver. The uptake into tumor, therefore, was directly related to the concentration 
in the blood stream. This finding appears to be of value in the preparation of 


potential scanning agents, macromolecular chemotherapeutic agents and similar 
materials. 
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Clinical Value of Generator Produced 87-M Strontium 


R. L. Meckelnburg, M. D.' 
Wilmington, Delaware 


Tracer methods in the study of bone were used as early as 1727 when 
Hales, by the use of metal markers, demonstrated the growth of bone by apposi- 
tion. Bone scanning, begun by Treadwell and Associates in 1942, introduced 
strontium as a substitute for calcium as a metabolic tracer in scanning and turn- 
over investigations. (1) Since that time, differences have been found to exist 
between calcium and strontium with regards to their metabolic turnover in the 
body. For example, the excretion rate is five times higher for strontium than it 
is for calcium. (2) However, there is enough similarity to allow semiquantita- 
tive analysis between the two, and more than enough similarity for clinical 
scanning purposes. 


The objects of any scanning procedure are accuracy, reproducibility, safety 
to patient and laboratory personnel and simplicity of technique. I wish to empha- 
size the simplicity of the technique to be described. Strontium tracer studies 
have already shed new light on old theories. Wendeberg’s serial studies in 
cases of delayed healing fractures or pseudoarthrosis have revealed no significant 
difference in isotope uptake in comparison with normal healing fractures. (3) 
This tends to negate the idea of poor blood supply as the basic defect in pseudo- 
arthrosis. Higher isotope uptakes in immobilized extremities as compared to mo- 
bile limbs helps explain the changes in bone metabolism with stress. 

Recently 87-M strontium has become available from the Oak Ridge Na- 
tional Laboratory in a yttrium-strontium generator. The 2.8 hour half-life of 
87-M strontium, plus the absence of any betas and a 388 kev gamma-ray with 
27 per cent internal conversion, make it ideally suited for collimation and scan- 
ning with commercial equipment. The “Generator-Milking System” is a means 
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of separating a desired radioisotope from its parent and other contaminants. The 
relatively long-lived “parent” is fixed on a variable composition-ion-exchange 
column, from which its shorter lived “daughter” can be easily eluted. This system 
has the advantages of being simple to handle, operate and shield. It quickly 
gives a product of high purity in a chemical form suitable for use with little 
or no processing. The parent material remains in a form with which the process 
can be repeated. (4) Other practical milking systems using alumina derive 12] 
from 1%*Te, *™ Tc from ®Mo and *Ga from *Ge. The 1**I and %™ Te gen- 
erators are made by adsorbing telluriate or molybdate on chromatographic alu- 
mina and eluting the product with 0.01 M NH,OH and 0.1 M HNO,, respectively. 
Gallium is eluted from the ®*Ge generator with ethylene-diamine tetracetic acid 
(EDTA). Successful generators using cation-exchange resins have also been pro- 
duced to obtain '4°La from '4°Ba, 187 Ba from 1°7Cs and *Y from Sr. 


PREPARATION OF GENERATOR 


The 87 yttrium parent with an 80 hour T% was produced by the 87 strontium 
(PN) 87 yttrium reaction utilizing the 23 mev ORNL 86-inch Cyclotron. The 
target was 95.4 per cent enriched 87 strontium as the carbonate. Sufficient deg- 
radation of the cyclotron beam was accomplished to reduce the 88 yttrium 
production. An 8-hour irradiation of 100 mgm of strontium carbonate, yielded 
53 mc yttrium activity. By chemical processing, the 87 yttrium was separated, 
carrier-free, from the strontium target and container with a yield estimated to 
be 95 per cent. Ammonium carbonate solution containing the 87 yttrium activity 
was then poured onto a BioRad AG-1, X-8 resin in an ion exchange column. 
The column was then rinsed with 25 ml of 0.01 M (NH,).CO, and this first 
“milking” showed a slight trace of 87 yttrium activity, approximately 10-* 
per cent of the 87-M strontium activity. On subsequent washings, less than 10—-° 
per cent of 87 yttrium was found in the 87-M strontium obtained from a gen- 
erator containing 10 mc of 87 yttrium. (5) The generator can be replenished 
by slowly pouring ammonium carbonate-87 yttrium solution back on the ion 
exchange column and discarding the first elution. A picture of the ion exchange 
column in operation is shown in Fig. 1. Figure 2 shows the growth of 87-M 
strontium on a 87 yttrium generator. 


The yield of the generator is collected in a sterile beaker at the rate of 
approximately 1 ml per minute and evaporated to dryness for sterility. Ten ml 
of sterile isotonic saline is then added and takes up greater than 95 percent of 
the 87-M strontium activity. An aliquot is counted prior to intravenous injection 
via a millipore filter, adapted syringe. Efficiency of the well counter was inter- 
polated for 87-M strontium from plots on standard reference sources. 


DOSIMETRY 


The radiation dose to the bone mass and the whole body can be calculated 
according to the following formula: 


Dgamma = 0.0331 K P g C Teff rads. (6) 
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Fig. 1. Yttrium-Strontium Generator with ammonium carbonate being siphoned through 
Dowex column to carry off 87-M strontium. 
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Fig. 2. As shown on graph, generator may be “milked” each day with maximal recovery of 
87-M strontium produced. The useful life of the generator would depend upon the 


amount of yttrium contained. 


2aP 


Fg. 3. Osteolytic metastatic adenocarcinoma of breast to shaft of left humerus is shown. 
A. 87-M strontium scan superimposed on roentgenogram. B. Plain roentgenogram of 


lytic lesion. 
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Substituting the appropriate figures for the gamma ray dose constant, density of 
tissue, geometrical factor, initial concentration and effective half life, the follow- 
ing equations are obtained: 


87M strontium—per 100uc 


100 


Dose to bone = 0.0331 - 1.65 - 41.6-1- 7000 


- 0.125 = 40.5 mrads 
_ 100 


i a.) oy ee 
Dose to whole body = 0.0331 - 1.65 - 126 - 1 70,000 


- 0.125 = 1.2 mrads 


85 strontium—per 100 pe 


_ 100 — 
7000 


Diss to bone @ G680> 36-046 - 1 


64 = 3.7 rads 


Dose to whole body = 0.0331 - 3.0 - 126-1 - - 64 = 1.1 rads 


Dosage calculations of Charkes and Sklaroff (7) were somewhat lower while 
those of Fleming were higher. (8) Variations in these calculations seemed to be 
due to the use of different effective half-lives and geometrical factors. 


CLINICAL OBSERVATIONS 


Representative scans of malignant metastatic bone lesions are shown in 
Figs. 3 & 4. The increased uptake of 87-M strontium in the lesions is apparent. 
Scans were made approximately 1 to 2 hours after intravenous injection of the 
isotope, utilizing a commercial photoscanner with background cut off and con- 
trast enhancement. Over areas of increased uptake, counts from 180 to 500 cpm 
above background were usually obtained. Amounts of isotope varying from 200 
to 1000 ye were injected into the patients. 

Of interest in Fig. 5 is the posterior scan of the bony thorax of a patient with 
metastatic bronchogenic cancer. Although various sites of increased uptake can 
be seen in the several vertebral bodies, increased uptake is also seen in the left 
apical lobe area which is opacified on the chest x-ray by primary tumor. Bone 
involvement in this area was not seen on the roentgenogram. This may help 
explain why metastases to bone can be seen with calcium and strontium isotopes 
prior to any x-ray evidence of involvement. The uptake in these tumor bearing 
areas is probably due to increased blood supply and this phenomena in an area 
of bony metastasis may precede bone destruction by many months. (3) Also 
in Fig. 5, the outline of both kidneys is seen at the time of the one hour scan. 
A prominent renal accumulation of the isotope is occurring and studies of uri- 
nary specimens obtained at varying intervals after injection showed very low 
levels of excretion of strontium in the first six hours. 


SUMMARY 


The findings of this investigative procedure have shown the usefulness of 
the yttrium-strontium generator for making a short-lived isotope available to 
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Fig. 4. Osteolytic metastatic bronchogenic carcinoma involving cervical vertebrae 3, 4 and 5. 


A. Cervical vertebrae roentgenogram with superimposed 87-M strontium scan. B. 
Plain P-A view of cervical vertebrae. 


Fig. 5. Extensive bronchogenic carcinoma. A. Superimposed 87-M strontium scan showing 
increased uptake in area of tumor in right upper lobe. Accumulation of strontium in 


kidneys is readily seen. B. Plain chest roentgenogram showing extent of tumor 
involvement, 
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laboratories remote from the production facility. The present technique demon- 
strates the simplicity of the process required for the use of 87-M strontium in 
patients. The low radiation exposure makes this particular isotope suitable for 
study of other nonmalignant conditions, such as fractures, infections and osteo- 
penic states. Even studies in children can be performed without undue exposure. 
Because of the short half-life, repeat studies of bone metastasis can be made 
to measure the effectiveness of different forms of therapy. The large doses pos- 
sible with 87-M strontium improve counting statistics and thereby enhance reso- 
lution, gaining better definition and shorter scanning times. 
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Preliminary Note 


"Tc Labeled Serum Albumin for 
Scintillation Scanning of the Placenta’ 


McAfee, J. G., Stern, H. S., Fueger, G. F., Baggish, M. S., 
Holzman, G. B. and Zolle, I.* 


A technique for accurate placental localization is important to differentiate 
placenta praevia from other causes of third trimester bleeding in pregnancy. Soft 
tissue radiographical placentography provides only indirect evidence of placenta 
praevia when the placenta cannot be identified in the uterine fundus and is 
totally inaccurate in posterior implantations of the placenta. Radioisotopic local- 
ization has been achieved by “multiple point counting” over nine to fifteen arbi- 
trarily selected sites of the abdomen by manual positioning of a collimated scintil- 
lation detector. In the beginning, *4Na (3) was used but soon was discarded be- 
cause of its rapid diffusion. Now, only agents which persist intravascularly are 
employed, such as ''I albumin (9), '°I albumin (10), °'Cr labelled red blood 
cells (15), and *'Cr albumin (12). Theoretically, ‘I cholografin (14) could 
also be used. 

Harper et al (7) first called attention to the nuclide ®™Tc as an ideal agent 
for human diagnostic studies where reduction of radiation dosage is of prime im- 
portance. Because of its short physical half-life of six hours, essentially mono- 
chromatic gamma radiation of 140 kev, lack of beta emission, relatively high 
radiochemical purity (16), and ready availability from a ®*Mo generator (19), 
it has been administered with safety in 10 mc doses as pertechnetate for brain 
scanning (7, 13). Harper and other workers (1, 5, 11) demonstrated also that 
technetium in a reduced state could label a variety of organic compounds. 

In this paper, a reliable method of preparation of ®*™Tc labelled human 
serum albumin with high yield and stability is described which permits the di- 
rect visualization of the placenta. This material may be used also for scanning the 
mediastinum or other vascular structures. 


METHOD OF PREPARATION OF 9®™TC ALBUMIN 


Details of this procedure will be provided in a subsequent paper. The ma- 
terial may be prepared immediately prior to use, or on the preceeding day if al- 
lowance is made for four half-lives of physical decay. 


*This work was supported by USPHS Research Grant No. GM-i0648. 
*From the Departments of Radiological Science, Obstetrics and Gynecology, Johns Hopkins 
University Schools of Medicine, Hygiene and Public Health, Baltimore, Maryland. 
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One mg FeCl, * 6 H,O and one mg ascorbic acid are added to the desired 
activity of carrier-free *°™Tc pertechnetate eluted in 0.1 N HCl from a ®Mo gen- 
erator.! By pH meter, the pH is adjusted to 4.5 to 5.0 with 1 N NaOH. While 
stirring, this tagging solution is added, dropwise, to the protein solution contain- 
ing 2 cc 25 per cent human serum albumin, 3 cc 10 per cent dextrose, 5 cc 0.1 N 
acetate buffer at pH 5.6, and one drop of Dow-Corning antifoam AF agent. The 
pH of this reaction mixture is then decreased to 2.5 with 1 N HCl] and allowed 
to incubate for two minutes. The nonprotein bound TcO, is removed from the 
product by passage through a 15 cm column of Amberlite IRA-400 (C1-) anion 
exchange resin overlaid with 4 cm Dowex 1 x 2 (CI) resin, 50-100 mesh, thor- 
oughly washed with distilled water. The column is eluted with distilled water at 
a rate of 0.5 to 0.8 cc per minute; the first 5 cc of eluate are discarded and the 
next 20 cc collected. After passage through the resin, the pH of the eluate will 
be approximately 5.5. 

For human use, only pyrogen-free distilled water and other reagents may 
be used. The apparatus is sterilized by autoclaving at 260° F, 121 psi for 15 
minutes: the final solution is sterilized by transfer from one sterile disposable 
polypropylene syringe to another through a Millipore filter.? Radioassay is per- 
formed quickly in a large well ionization chamber* by comparison with a 10 mc 
**Co standard. The total time required to complete this preparation is 90 minutes. 

Analysis of protein binding experiments by descending paper chroma- 
tography in 85 per cent methanol (Table I) has indicated the following: 

1. Both ascorbic acid and Fe+++ ions are essential for this particular 
method of tagging in approximately equal amounts. 

2. The adjustment of the tagging solution pH to 4.5—5.0 is important to in- 
crease the per cent binding of the technetium. 

3. The subsequent reduction of the pH to 2.5 increases the yield of the pro- 
tein-bound label and prevents the formation of unknown oxidation states or pos- 
sible complex formations with ferric ion. 

4, The tagging reaction is virtually instantaneous. 


METHOD OF SCANNING 


200 mg of potassium perchlorate dissolved in water are given orally one 
to two hours before injection, and on the evening of the procedure to block the 
maternal and fetal thyroid. One mc of the sterile ®°™Tc albumin is administered 
intravenously. Immediately thereafter, the patient is positioned prone on the 
scanning table, with an eight-inch diameter Nal (Tl) crystal detector mounted 
beneath. Large cushions of foam rubber five inches thick support the patient's 
weight above and below the abdomen, so that the uterus is not subjected to ex- 
ternal pressure and the patient remains comfortable. Rectilinear scanning is per- 
formed over a 12 x 12 inch area extending upwards from the symphysis pubis. 


‘Brookhaven National Laboratory, Upton, N. Y. 

*Swinny hypodermic adapter or microsyringe filter holder with autoclaved HA type filter 
(mean pore size 0.45 1), Millipore Filter Corp., Bedford, Mass. 

®NE 014 beta-gamma ionization chamber and NE 503A electrometer D. C. amplifier. 
General Radiological, Ltd., Nuclear Engineering Div. Middlesex, England. 
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TABLE | 


EFFECT OF VARYING CONDITIONS ON THE BINDING OF *?=Tc TO 
HuMAN SERUM ALBUMIN 


Albumin Solution + Percent 
Tagging Solution Tagging Solution 





—- 7 mek... 9mT¢ 
Reaction Ascorbic Initial Adjusted Initial Adjusted Protein 
No. Fe**+** Acid, mg pH pH pH pH Bound** 


1 10 10 
2 0 10 
3 1 0 
4 1 10 
5 10 10 
6 
7 
8 


| 





5 Q2*** 
5 1.2 
5 3.0 
5 73 

5 2.8 
5 2.5 
S 55 
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*Expressed as mg FeCl; . 6H:0. ***A verage of 10 preparations for clinical use. 
**Radioactivity at origin of chromatogram. 


With a linear scanning speed of 96 inches per minute and an index spacing of 
1% or *4¢ inches, the total scanning time is 7.5 to 12 minutes. 

A 199-hole focusing collimator designed according to the criteria of Beck (7) 
for optimal counting of “I with a radius of resolution of 0.5 inches was used with 
the eight-inch crystal. The sensitivity of detection was approximately six times 
that of a three-inch crystal scanner with a 19-hole collimator with the same radius 
of resolution. The counting rates over the placenta and precordium ranged from 
30 to 50,000 cpm when the range of the pulse height analyzer extended from 
120 to 160 kev. 


RESULTS 


In 18 patients, the position, size, and discoid configuration of the placenta 
were well visualized by scintillation scanning in all but one. The single failure 
was due to poor labelling of the serum albumin which caused high free pertech- 
netate levels in the bladder to obscure the pelvic area. The ovoid uterine wall 
could be identified surrounding the “avascular” fetus, together with increased 
areas of radioactivity in the liver and precordium. Faint concentrations were seen 
in the iliac vessels and perineum. The activity in the lateral portion of the lower 
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pelvis was frequently asymmetrical. This series of patients was too small for eval- 
uation of diagnostic accuracy; nevertheless, no misdiagnoses of placenta praevia 
have yet occurred. Scans in Fig. 1 show (a) a placenta normally positioned in 
the left fundus, (b) complete placenta praevia verified at caesarean section, and 
(c) right anterior low-lying placenta which had no affect on the subsequently 
uneventful pelvic delivery. 





Fig. la. Placental seen on 8-inch diameter NaI (TI) crystal scanner, following 1 mc “"Te 
albumin intravenously. Placenta in left fundus, 
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Fig. lb. Central placenta praevia. 
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TISSUE DISTRIBUTION OF 9®™TC ALBUMIN 


In both animals and man, ®™Tc albumin persists in the blood stream better 
than *!Cr albumin, but not as well as '*"I albumin. This biological behavior may 
be evaluated in two hours by obtaining serial blood samples from the orbit of 
white mice following intravenous injection (Fig. 2a). The addition of six per 
cent dextran to the preparations improves the retention of ''I albumin in the 
blood, presumably by increasing the electro-negativity, but has no affect on "Tc 


% Dose BLOOD RADIOACTIVITY 
per 

7% Body 

Weight 


~ 








t T T T q 1 


20 40 60 80 100 120 
MINUTES AFTER IV INJECTION 


Fig. 2a. Comparison of rate of loss of blood radioactivity for labeled proteins and free 
pertechnetate in white mice (corrected for radioactive decay ). 


or *'Cr labelled albumin. In pregnant women, 30 minutes after injection at the 
completion of a placental scan, from 50 to 75 per cent of the radioactivity is still 
present in the blood volume. After five minutes following injection, the first biol- 
ogical half-time in the bloodstream is about six hours, with subsequent half- 
times of three days. 

The concentration of ®°™Tc in the thyroid, salivary and gastric glands and 
excretion in both urine and feces observed with pertechnetate (13) does not 
occur with ®™Tc¢ albumin. In three normal volunteers, less than 0.5 per cent of 
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the injected radioactivity was recovered in either the urine or feces within the 
first 24 hours after injection. 

Localization studies were performed in the rabbit, because the placenta is 
hemochorial as in the human, and transfers comparable quantities of sodium and 
other ions. In pregnant rabbits near term, the tissue distribution of *°™Tc albumin 
(Fig. 2b) administered without thyroid blocking agents was similar to '*'I albu- 
min (Fig. 2c) except that the blood and placental levels were slightly lower, 
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Fig. 2b. Organ distribution of "Tc albumin in 9 pregnant rabbits near term (corrected for 
radioactive decay). 


and the concentrations within the fetuses much lower. The highest tissue concen- 
tration of ®°™Tc albumin was observed in the kidney. 

The body of two infants delivered approximately one and four hours follow- 
ing the intravenous administration of 1 mc ®™Tc albumin to the mother con- 
tained 0.4 per cent of the maternal radioactivity as determined by external count- 
ing and comparison with a phantom. The technetium concentration of cord blood 
was two per cent of the maternal blood, similar to the average figure of 1.74 per 
cent of maternal plasma activity previously reported for 1*1I albumin (20). The 
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amniotic fluid contained 0.37 per cent of the maternal blood concentration. The 
placenta contained about one per cent of the administered dose per one per cent 
of the maternal body weight. 
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Fig. 2c. Organ distribution of “I albumin in 9 pregnant rabbits near term (corrected for 
radioactive decay). 


RADIATION DOSIMETRY 


The radiation dosimetry of ®™Tc albumin and other substances will be con- 
sidered in detail in a subsequent publication by Smith (17). Using conventional 
methods of calculation’, an intravenous administration of 1 mc ®™Tc albumin 


*Assumptions in dosimetry calculations: “"Tc Ipsmma 0.56 r/mc-hr at 1 cm, E, 14 key, 
effective half-time of "Tc albumin = physical half-life = 6 hrs. Effective half-time "Tc 
pertechnetate = 3 hrs. Retention of 50% “™Tc activity in the maternal bloodstream; maternal 
weight 65 kg, blood volume 60 ml/kg g 126, g, maternal trunk 178. Fetal body, 3540 gm; 
@ 64, radioactivity 0.5% of the maternal activity; fetal thyroid 2 gm., g 7, radioactivity 2% of 
total free pertechnetate. 
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without thyroid-blocking agents results in a maternal total body dose of approxi- 
mately 13 mrads, a maternal blood dose of 43 mrads and a fetal body dose of 14 
mrads. About 94 per cent of the total fetal dose is due to the gamma radiation 
from the maternal trunk, rather than from the small amounts of free pertech- 
netate which directly enters the fetal body through the placenta. In comparison, 
calculations of the radiation doses for 5 yc doses of !*1I albumin have been re- 
ported as follows—maternal total body dose—.015 rads (6), less than .017 rads 
(8), .044 rads (20); maternal blood dose—.073 rads (12), .087 rads (20); fetal 
body dose—.005 rads (10, 20), .0065 rads (6, 8). For 20 ue of *'Cr labelled red 
blood cells, the maternal body dose has been estimated at less than .012 rads, and 
the fetal body dose .008 rads maximum (15). In these dosage assessments, the 
contributions of the radioactivity in the maternal trunk and in the placenta itself 
have often been omitted. All of these levels are much less than the fetal doses 
resultant from a single AP radiograph of the maternal abdomen (.2 to .3 r) 
(2, 4, 18). 

In the event that thyroid-blocking agents are omitted, the radiation dosage 
to the maternal and fetal thyroid is probably much lower for ®°™Tc albumin than 
131] albumin. Assuming one per cent free I iodide in the albumin preparation, 
the maternal thyroid dose would be approximately 0.13 rads per 5 ue. Following 
administration of 11I albumin without Lugol’s solution, two per cent of the ad- 
ministered radioactivity becomes concentrated in the fetal thyroid, resulting in 
a tissue dose of 5 rads per 5 ue. (10). Harper (7) has calculated the thyroid dose 
in adults for 1 mc ®™Tc pertechnetate to be 0.1 rads. Assuming as much as five 
per cent free ®°™Tc pertechnetate in the albumin preparation, the maternal thy- 


roid dose will be only .005 rads. Although the fetal thyroid uptake of ®°™Tc has 
not been measured as yet, it has been calculated that the maximum thyroid dose 
would be .07 rads and a more probable estimate, .02 rads. 


CONCLUSIONS 


Radioisotopic scanning promises to be the most accurate method for the 
diagnosis of placenta praevia, since the placenta is directly visualized. The results 
are easier to interpret and more objective than multiple count rate values ob- 
tained by manual manipulation of an external scintillation detector. The radiation 
dosage levels from 1 mc ®™Tc albumin approximate those of other radioisotopic 
methods used previously. Automation of the radiochemical labelling procedure 
may permit studies on an emergency basis in the future. Scanning in both anterior 
and posterior projections, or in the lateral projection, should further improve the 
localization. With refinements of technique, it may be possible to detect placental 
abnormalities other than misplacements. 
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IHSA in rheumatoid knees, 722° 
Rheumatoid, localization of RISA in joints, 373° 
Autofluoroscope 
Digital, 722° 
Quantitation of dynamic processes with, 371° 


B 


Barium-137, M, in vivo immobilization of, 378° 
Bilharziasis, see Schistosomiases, 125 
Blood 

Albumin, I labeled, for clinical use, 313° 

Beta _ in vivo by implanted Y® source, 


Critic acid determination with Br®, 297 
Elasticity of cranial blood pool, 613 
ates; tn effect of anemic hypoxia in dogs, 


Iron absorption, use, 374° 
Iron absorption in iron storage diseases, 374° 

Iron kinetics in pulmonary hemosiderosis, 374° 
Iron kinetics in paroxysmal hemoglobinuria, 374° 
Leukemia, chronic, treatment, 139 

Marrow distribution abnormalities with Fe™ and 
positron camera, 347° 


Megaloblastic anemias, differential diagnosis with 
C propionate, 3 
P%2 incorporation by 5 in vitro, 681 
Polycythemia and leukemia, P**, 358*, 359° 
Therapy, 358° 
Solent Ee by inhalation of radioactive xenon, 
° 


Simultaneous determination of Fe® and Fe™® in 
plasma, 

Sternal marrow circulation by radioisotope clear- 
ance, 

Total iron binding capacity in pregnancy, 243 

Venous and total circulation hematocrit, 719* 

Body Composition 

As function of age, 355* 

Dextran infusions and extracellular infusions, 366° 

Exchangeable magnesium, 

Isotopic exchangeability and sania activity, 360° 

Radiation effects on space function tests, 361° 

Tracer gases for body fat, 360* 


Bone 

Calcium-45 metabolism and osteoporosis in dys- 
trophic mouse, 379° 

Retention of V*8 and Zn®, 664 

Scanning for occult metastases with SR® and Sr™*? 
SR™*7, 345? 

Sr® for metastatic cancer, 168 

Sr85 and Sr? for occult bone metastases, 345° 

meet iene clinical value of generator for, 


Brachytherapy, Developments in, 356° 

Brain 
Age differences in scans with As, 134 
Albumin I" macroaggreates for scanning, 366° 
Arterio venous transit times with RISA, 9 
Cerebrospinal fistulae with THSA, 376° 
Cerebral circulation, velocity-time relations, 377° 
Cerebrospinal fluid, copper and Manganese levels, 
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Cerebral blood flow in external cardiac massage, 
738 


Chlormerodrin, %°Hg in scanning for non neo- 
plastic disease, 345 

Circulation time, 377* 

Comparison of Hg'" and Hg®*® chlormerodrin in 
scanning, 722% 

Cranionasal cerebrospinal fluid leaks, localization 
by scanning with , 376% 

Elasticity of cranial blood pool, 613 

18F tetrafluoroborate for tumors, 542 

Gallium-68 for scanning, 161 

Iodipamide for brain tumors, 376% 

Perfusion with alkylating agent, measure of effi- 
ciency with radioisotopes, 

Scans for intracranial lesions, 189 

Scanning with I'4 labeled globulin, 193 

Scanning in cross section, 

Scanning with Tc®™ as Sat 811 

Tumor Teciinntion of I’ labeled antitumor anti- 
bodies in, 357 

Tumor detection with I'*! iodipamide, 377* 

Wilsons disease studies with Cu®, 349° 

Breast, cancer, P® therapy in, 359 9? 
Bromine-82, for citric acta i in blood and urine, 297 


Cc 
Calcium-45 e 
For acidimetry and alkalimetry by radiometry, 
° 


Metabolism and osteoporosis in dystrophic mouse, 
° 


Calcium-47, Whole Body Counters in Turnover Stud- 
ies, 
Cancer 
Pair labeled antitumor antibodies, 310* 
Scanning with I'%4 labeled globulin, 193 
Carbon-14 
Degradation of thymidine and halogenated analogs 
in man, be 
Detection vd occult pigmented melanoma with 
D 


Glucose Mnotle caediins in human with single in- 
jection, 

Glucose kinetic studies in normal, diabetic and 
acromegalic humans, 

sess” o_o and acromegalic human studies, 


Propionate and breath analysis for differential diag- 
nosis of megaloblastic anemias, 380* 
Catalase, Effect of Sugars on Radiosensitivity of, 213 
Chromium-51 
Albumin particles for pulmonary embolism by 
scanning, 345* 
Collimators for external spleen counting, 725° 
Stability of labeled albumin, 216 
Tagged red cells in pulmonary infarcts, 1 
Conn Persistent Aberrations After I'8! Ther- 


, 840 
Cobalt- 57. , Aa SE Sulfonate Metabolism 
in Cancer Patients, 462 
Colloids, Radioactive 
Albumin aggregates for lung scanning, 259 
For bone marrow scanning, 726* 
See Gold-198, 259 
Collimators 
Depth of focus of converging photons, 365* 
For scanning with low energy, 
Computer 
Digital processing, display system, 500 
Digital in scanning, 802 
Small analogue for education, 58 
Copper-64, Wilsons Disease, Studies With, 349° 


D 
Diabetes 
C'™ Glucose in human; 763 
Metabolism of [81 insulin in, 380% 
Dosimetry of Y® DTPA, 


E 


Erythropoietin, eptation by Whole Body Irradia- 
tion 
Eye, Diiodofluorescein, I labeled, 314% 


F 


Ferrocence, Fe™® Tagged as Tracer, 40 
Fluorine-18, Tetrafluoroborate for Scanning Brain Tu- 
mors, 542 


G 
Gallium-68 
Brain scanning, 161, 5697 
Positron cow, 
Gamma Spectroscopy, Determination of Two Gamma 
Emitters, 562 
Glucose 
Kinetic studies in human with single injection, 746 
Normal, diabetic and acromegalic human studies, 
76 


Glycerol, Radioprotection for LDH, 304 
Gold-198 
Albumin aggregates for lung scanning, 259 
Colloid for liver in schistosomiasis, 125 
Colloid for lymph flow in extremities, 348* 
Colloid, intravenous, response in reticulum cell 
sarcoma, 
Liver blood flow, 901 
Lymph flow, lymphatics, lymph nodes measure- 
ments with, 626 
Prostate carcinoma, therapy with, 691 


H 


Hair, Retention of V‘5 and Zn®, 664 
eart 
Cardiac output by surface counting by automatic 
method, 375% 
Effects of gamma irradiation, 719* 
Pericardial scan measurements, 101 
Precordial counting curve measurement, 319+ 
Rb*® in dog, 154 
Rheumatic disease, radiocardio-cardiography in, 851 
Ventricular function after irradiation, 719* 
Hematology, Iron Absorption in Iron Storage, 373* 
Hippuran, I'8! Radioactive Renogram in Renal Trans- 
plants, 807 


I 
Immunology 
Pair labeled antitumor antibodies, 310* 
Removal of rabbit antibody by rat fibrinogen, 428 
Intestine 
Completeness of stool collection with La‘, 200 
Gastrointestinal mucosa in iron excretion, 375° 
Transport of labeled vitamins, 251 
Iodide 
As suppression test for thyroid, 281 
For thyroid suppression test, 731+ 
Iodine-124 
Iabeled globulin for neoplasm scanning, 193 
Todine-125 
Albuminum, labeled, for clinical use, 313* 
Albumin macroaggregates for brain scanning, 366* 
As a source of x-rays, 310* 
Assay and dosimetry, 308* 
Brain tumors, localization of labeled antitumor 
antibodies, 357* 
Comper, with I'3t for radiobiological effect, 


Comparison with I'%1 in scanning cold lesions of 
thyroid, 886 

Diiodofluorescein for eye tumors, 314° 

Electron microscope autoradiographs with, 311° 

For transfer rates of proteins, 312* 

For thyroid scanning, 312* 

In double labeled metabolic studies, 312* 

Instrumentation for, 307* 

Pair labeled antitumor antibodies, 310* 

Production at ORNL, 308* 

Radiochemistry and production, 307* 

Radioiodine | macroaggregates for lung scanning, 


3. 
Thyroid, direct photovisualization, 310* 
Urology, diagnostic, uses of, 315* 
as Thyroid Cancer, Tracer, 


Todine-131 
Albumin aggregates for organ scanning, 259 
Albumin particles for pulmonary embolism by 

scanning, 345* 

Albumin in rheumatoid knee studies, 722% 
Cerebral arterio venous transit times, 9 
Cholic acid for liver function, 76+ 
Cholagrafin for pericardial scanning, 101 
Chromosome aberrations after therapy, 840 
——,  aaaa for liver and spleen scanning, 
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Comparison of T-3 and T-4 in resin uptake test 
for thyroid, 218 

Comparison with I for radiobiological effect, 378° 

Comparison with I in scanning cold lesions of 
thyroid, 886 

Fetal thyroid content after oral administration, 733 

Incorporation into non radioactive hippuran, 551 

Insulin metabolism in diabetes, 380° 

Ortho iodibenzoic acid for liver function test, 532 

Ovarian content after oral administration, 

Pair labeled antitumor antibodies, 310° 

Radiation effect in thyroid by staining, 276 

Radioiodine | macroaggregates for lung scanning, 


382 
Radiocardiograph with IHSA in rheumatic heart 
isease, 1 

Renogram in renal transplants, 807 

Resin sponge modification of T-3 Test, 112 

Resin test of T-3, for thyroid function, 489 

Results of 18"I therapy in children, 81 

RISA in pulmonary infarcts, 1 

RISA colloid for lung scans, 48 

RISA for pericardial scanning, 101 

Rose bengal for liver in schistosomiasis, 125 

Rose bengal for amebic abscess of liver by scan- 


ning, 
Therapy for hyperthyroidism, 675 
Thyroid cancer therapy, postoperative, 119 


Thyroid gland uptakes after administration of la- 
beled compounds, 349° 

Thyroid, therapy of solitary nodule, 357° 

aie oo weight estimates in hyperthyroids, 


Thyroid rate trapping test, 657 
Thyroid cancer, retention in, 724° 
Thyroid cancer, beef es pa in, 796 
Iron Loss in Normal 1 
Iron-52, Marrow Distribution Abnormalities with Fe? 
and Positron Camera, 
Iron-55, Simultaneous oteeiatiiien of Fe nad Fe® 
in Plasma, 209 
Iron-58, . es in Iron Storage Diseases, 


Iron-59 
Deposition in pulmonary hemosiderosis and par- 
oxysmal hemoglobinuria, 374* 
meee: ; ie effect of anemic hypoxia in dogs, 


Ferrocene as tracer in rat, 40 

Gastro intestinal mucosa in iron excretion, 375° 
Iron absorption in iron storage diseases, 374° 
Loss in normal man, 571 

Total iron binding capacity in pregnancy, 243 


K 
Kidney 
Clearance, renal, in dogs, 
purate and PAH, 453 
Hippuran renogram, theoretical approach, 555 
Nondialyzable manganese and copper in human 
urine, 366° 
Radioisotope renogram in renal transplants, 807 
Renogram in hypertension evaluation, 180 
Renocystogram, iodohippurate, interpretation, 323t 
Krypton-85 
ee we flow in external cardiac massage, 


comparison of hip- 


Measurement of total body fat, 360° 
Specific activity in pressurized cylinders, 913 


L 
Lanthanum-140, for Completeness of Stool Collection, 


Lead-210, for Acidemetry and Alkilimetry by Radi- 
ometry, 348° 
Leukemia, Chronic, Treatment, 139 
Liver 
Albumin aggregates for scanning, 259 
Amebic abscess by scanning with rose bengal, I'31, 


346 

Blood flow with colloidal gold compared with di- 
rect flow, 901 

Cancer, therapy with intra- arterial and radioiso- 
topic agents, 357° 

Cholic acid, I"*! labelled for function, 76t 

Isotopes for function in schistosomiasis, 125 

Ortho I"8! iodobenzoic acid for function tests, 


532 
Scanning with I'*' colloidal albumin, 375° 





INDEX 


Scanning, use of spatial integration, 725° 

" Wilsons disease, studies with Cu, 349° 
ung 
, aggregates for scanning, 259 
Pulmonary infarcts, scanning, 1 
Pulmonary embolism by scanning, 345° 
Pulmonary function with Xe%3, 356° 
Radioalbumin macroaggregates for scanning, 382° 
Regional pulmonary blood flow in cardiac and pul- 

monary disorders, 372 

Ba as with colloidal RISA, "48 


mph 

"Gold colloid for lymph flow in extremities nodes, 
measurements with Au—198, 348° 

Lymph flow, lymphatics, lymph, 626 


M 


MeguatinnSS, Exchangeable Magnesium in Man, 

Marrow, — by Radioisotope Clear- 
ance 

enemens Detection of Occult Pigmented with C™ 


, 379° 
Mercury-197 
Chlormerodrin in brain scanning, 722° 
Comparison with Hg? as neohydrin tag, 318+ 
Physical characteristics and dosimetry of 747 
Physical characteristics, 317+ 
Physical characteristics and clinical use, 487+ 
Mercury-203 
Chlormerodrin in pulmonary infarcts, 1 
em for non neoplastic brain disease, 


Chlormerodrin in brain scanning, 722° 
Mercaptomerin excretion and diuresis, 302 
Mycobacteria, Turnover of Tritiated Water in, 381° 


P 
Pancreas 
Disease diagnosis by scanning, 90 
Margins 28 aid in scanning with Se™ methionine, 


Parathyroid 
Adenoma, preoperative localization of, 372° 
Adenoma visualized with Se™ — 710 
Scanning with Se™ methionine, 

Peritoneum, Volume Changes of Dialysate During 

Lavage, 480 

Phosphorus-32 
Cancer of breast, therapy, 359° 
In vivo autoradiography of prostate with, 72 


In vitro incorporation by erythrocytes, 681 
Leukemia, chronic treatment, 139 
and leukemia, 358°, 


Therapy of polycythemia 
359° 


Placenta, meee 8 With Tc®™ Albumin, 936 
Positron Camera, Marrow Distribution Abnormalities 
With Fe™, 347 
Potassium-42, Potassium Space + ccs With 
Whole Body Counter, 354 
Pregnancy, Iron Binding Capacity in, 243 
Prostate 
Carcinoma therapy with Au’, 691 
In vivo autoradiography of, 72 


R 
Radiation fang ,, Mammalian Cells In Vitro, Studies 


Radiation ‘ee, Reduction in Lethality by Chemical 
Mixtures and Bone Marrow, 606 

Radioactive Pharmaceuticals, 720° 

Radiometric Ultra Microanalysis, 348° 


Radiobiology 
Heart, effects of gamma irradiation, 719° ; 
Leucine, C™, uptake and Protein incorporation 


after radiation, 724 
Radiation lethality, reduction by chemical mixtures 
and bone marrow, 
Ventricular function after irradiation, 719° 
Rubidium-86, Distribution in Dog Heart, 154 


Ss 


Reticulum Cell, Response to intravenous 
Radiogold Colloid, 581 


Sarcoma, 


Scanning 
Age differences in brain with Ac™, 134 
Albumin [5 macroaggregates for brain, 366° 
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Amebic abscess of liver by rose bengal scanning, 
346° 


Bone metastases with Sr, 168 

Bone marrow in animals with colloids, 726° 

Brain scanning at Argonne hospital, 370° 

Brain in cross section, 371° 

Chlormerodrin, He, for non neoplastic brain dis- 
ease, 

Chlormerodrin Hg"? and Hg®’, compared in brain, 


Collimators, depth of focus of converging, 365° 

Colloidal albumin, I'*! labeled for, 375* 

Collimators for low energy photons, 653 

Color, use in, 370* 

Comparison of I' and [81 in scanning cold le- 
sions of thyroid, 886 

Cranionasal cerebrospinal fistulae, 376° 

Digital scintillation scanner, 

Digital processing, display system, 500 

Digital computer in, 

F's tetrafluoroborate for brain tumors, 542 

Gallium-68 for brain, 161 

It globulin for neoplasm, 193 

I for thyroid ® 

In pancreatic disease, 90 

Large crystal type, 27 

Liver in schistosomiasis, 125 

Liver, spatial integration in, 725* 

Lung with radioiodine macroaggregates, 382° 

Minifying lens for contrast enhancement, 767 

Of brain for intracranial lesions, 189 

Organ scan display by polaroid color, 346* 

Organ volume, determination of, 444 

Pancreas, morphine as aid, 

Parathyroid with Se75 methionine, 417 

Parathyroid adenoma visualized with Se% methio- 
nine, 710 

Pericardial fluid measurements, 101 

Placenta with Tc®™ albumin, 936 

Pumonary infarcts in dogs, 1 

Pulmonary embolism, 345* 

Radioalbumin aggregates for organs, 259 

Removal of rabbit antibody by rat fibrinogen, 428 

Scintillation camera, 515 

Theory of performance of imaging systems, 95 

Thyroid gland weights in hyperthyroids, 649 

Use of polaroid, 706 

With eight inch diameter sodium crystal, 365% 


Schistosomiasis 


Isotopes for liver function in, 125 
Labeled antimony compounds, uptake by schis- 
tosome worms, 3 


Scintillation Camera 


iagnostic uses of, 371° 
Multichannel collimators, 515 


Scintillation Counter 


For bulky samples, 726° 
Liquid, for counting of aqueous solutions, 69 


Selenium-75 


Methionine in pancreatic disease, 90 

Pancreas scanning, morphine as an aid, 729* 
Parathyroid scanning with labeled methionine, 417 
a adenoma with labeled methionine, 


Sodium-22, Sodium Space Determination With Whole 


Body Counter, 345° 


Spleen 


Albumin aggregates for scanning, 259 
Collimators for Cr5! external counting, 725° 
Scanning with I4%1 colloidal albumin, 375* 


Strontium-85 


Bone metastases, scanning for, 168 
Scanning for occult bone metastases, 345* 


Strontium-87m 


Clinical value of generator for, 929 
Scanning for occult bone metastases, 345° 


Sulfur-35, Localization of _— Acids of Fluo- 


rene in Tumors, 





T 
Technetium-99 
Brain scanning with pertechnitate, 811 
Placenta, scanning of with serum albumin, 936 
Properties uses, purity and calibration, 871 
Purity, internal dosimetry and calibration, 382° 
Radiocolloid, characteristics and metabolism, 382° 
Thymidine, Degredation in Man, 379° 
Thyroid 
Cancer therapy with I'*', postoperative, 119 
Cancer, retention of I"*! in, 724° 
Cancer, I"8° as tracer in, 724* 
Cancer, beef thyrotropin in, 796 
Comparison of I" and I4%1 in scanning cold le- 
sions, 886 
Comparison of T-3 and T-4 in resin uptake test, 


Fetal [31 level after material dose, 733 
Gland uptake after administration of I'*! labeled 
oeounes. 349° 
Gland weight estimates in hyperthyroids, 649 
I'5 dosimetry and assay, 308 
I for direct photovisualization of, 310° 
I for scanning, 312° 
PBI by activation analysis, 828 
Radiation effect by staining, 276 
Rate of trapping of I! in 15 minute test, 657 
Resin sponge modification of T-3 test, 
Resin uptake of T-3, P31 labeled for function, 489 
Results of [131 therapy in children, 81 
Solitary nodule, therapy with I"*!, 357° 
Suppression test with iodide, 281 
Therapy with I'*!, 675 
Tritium 
Turnover of water in mycobacteria, 381° 
Water space in man, 


U 
Urine, Citric Acid Determination With Br%*, 297 


Vv 
Vanadium-48, Retention by Hair, Bone, Vascular Tis- 


sue, 
Vitamins, Transport of Labeled Vitamins by Intestine, 
251 


Ww 
Whole Body Counter 
Body composition as a function of age, 355° 
Calcium-47 in turnover studies, 407 
Clinical use of, 355* 
Counting e non uniformly distributed isotopes, 


Counting characteristics of medium level type, 
372° 


Design and properties of duke counter, 363° 

Diagnostic whole body counter, 364° 

Iron loss measured in normal man, 571 

Sodium, potassium and water spaces, simultaneous 
determination in man, 345° 

Thyroid cancer studies in, 724* 


xX 
Xenon-133 
Cerebral blood flow in external cardiac massage, 


Pulmonary function studies with, 356° 


Y 
Yttrium-90 
Blood irradiation in vivo by implanted i 883 
DTPA for therapy, technique and dosimetry, 1 
Microspheres in cancer of liver, 357% 


Zz 
Zinc-65 
Absorption and effect of diet on, 367° 
Retention in hair, bone and vascular tissue, 664 





LETTER TO THE EDITOR 


TO THE EDITOR: 


As nearly as I can ascertain, the anonymous letter in the September 1964 issue of 
J. Nuc. Med. was directed as criticism of the article, “Channel Ratio in the Determination of 
Two Gamma-Emitting Radioisotopes” by Spencer and Seife (J. Nuc. Med. 5:562, 1964). 
Although not certain that this is true, and not certain of my qualifications as “an enlightened 
reader,” I offer some comments. 


It would appear that the authors received “. . . from the U. S. Government agencies 
special grants . . .” to support some research, presumed to be both advanced and worthy. 
It also appears that this simple determination was useful to them, quite incidental to the 
pursuit of a more sophisticated goal, not as an “advanced study” in itself. I also suspect 
that they, and the Editor and reviewers of our “esteemed Journal,” felt this simple procedure 
would make life a bit easier for someone else in simultaneous counting of two-nuclide mix- 
tures. These are good reasons for publishing the article. Moreover, it is customary, and generally 
required, to identify sources of grant support when publishing on any aspect of a study, even 
though it may be only incidental to work so supported. Thus a reasonable, and probably 
true, answer is given to-our anonymous writer. 


Concerning the article itself, I believe the criticism of Barney Watson (Letter to Editor, 
same issue) is valid. In addition, Francis et al (1) published in 1955 an example of simultane- 
ous counting of an iodine-131—chromium-51 mixture. This is identical to the situation to the 


authors’ equations 8 and 9, with K = 1 and c = 0, corrected for background, a most practical 
situation. 


Even in trying to be harsh, the worst I can suggest is perhaps an unfamiliarity with the 
literature, or that it is an over-treatment of a simple situation, or that the “spectra” in Fig. 1 
are not very realistic. Perhaps it may be said that the authors should have even included 
some examples. 


Still, I must rise to the defense of the authors (whom I have criticized) and of the 
Journal. It is disappointing to see that the intentions, motivations, and objectives of the 
authors and the Editor have been so sadly misinterpreted. I feel that this situation demon- 
strates that the Journal’s normal policy of refusing to publish anonymous letters is a good one. 


C. Craic Harris 
Oak RmcE, TENNESSEE 


1. Francis, J. E., Bell, P. R., and Harris, C, C.; Medical Scintillation Spectrometry, Nucleonics 13:11, 
82-88 (1955). 





Program 


Midwinter Meeting 


Central Chapter, Society of Nuclear Medicine 
Auditorium, West Side Veterans Administration Hospital 
820 South Damen Avenue, Chicago, Illinois 


Sunday, February 21, 1965 1-5 pm 


Miniature Symposium 
Advances in Instrumentation for Nuclear Medicine 


WELCOME 
Asher Finkel, M.D., President, Central Chapter, Society of Nuclear Medicine. 
INSTRUMENTATION FOR ORGAN-SCANNING, STATE-OF-THE-ART 
Millard Croll, M.D., Director, Clinical Isotope Laboratory, Hahneman Hospital, 
Philadelphia, Pa. 
CLINICAL APPLICATIONS OF THE ANGER CAMERA 
Alexander Gottschalk, M.D., Director, Section of Nuclear Medicine, Department 
of Radiology, University of Chicago Hospital, Chicago, Illinois. 
DEVELOPMENT OF AN IMAGE CONVERTER SCINTILLATION CAMERA 


Michael Ter Pogossian, Ph.D., Professor of Radiophysics, Washington University, 
School of Medicine, St. Louis, Missouri. 


COFFEE BREAK 


GAMMACARDIOGRAPHY 
Kenneth R. Kaess, M.D., Director, Department of Radiology and Nuclear Medi- 
cine, St. Mary’s Hospital, Waterbury, Connecticut. 
APPLICATIONS OF THE DIGITAL AUTOFLUOROSCOPE 
Merrill A. Bender, M.D., Director, Department of Radioisotope Research, Roswell 
Park Memorial Hospital, Buffalo, New York. 
ISOTOPIC STUDIES OF THERMOGRAPHIC PROCEDURES 
Donalee L. Tabern, Ph.D., Technical Director of Radioisotope Laboratories, 
Louis A. Weiss Memorial Hospital, Chicago, Il. 
FUTURE DEVELOPMENTS OF INSTRUMENTATION FOR NUCLEAR 
MEDICINE: 
A round table discussion by the Speakers. Chairman, Dr. Croll 


ADJOURN 





Special Announcement 


The International Union of Pure and Applied Chemistry and its twin 
in physics have recommended the following style for the writing of chem- 
ical nuclides: 


14 indicates mass number 14 
7 indicates atomic number N_ 2 indicates atoms/molecule 


7 2 


The right superscript place was reserved, if required, to indicate a 
state of ionization or a nuclear excited state. The significant change from 
the common American practice is the location of the superscript mass num- 
ber, usually on the right. 


British Pharmacopeia, the French and Nordic pharmacopeal commis- 
sions, and the World Health Organization have all adopted this style of 
presentation. In 1963, the USAN* Council decided to adopt the style exem- 
plified in “sodium iodide I 125.” The AMA Council on Drugs, Chemical Ab- 
stracts, The American Chemical Society and the American Institute of 
Physics have also recently adopted this style. 

With the December issue of the Journal of Nuclear Medicine, our policy 
in scientific publications will be in conformity with the international recom- 
mendations. 


*USAN stands for United States Adopted Names. 
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By eliminating the disadvantages of ear- 
lier methods, the Triosorb Sponge has 
achieved a real breakthrough in thyroid 
testing. It is an in vitro test unmatched in 
accuracy, speed and convenience. 


Accuracy: Because factors such as red 
blood cells and exogenous iodine have 
been eliminated from consideration in 
the Triosorb Test, it is unmatched in 
accuracy. 


Speed; With only 3 washes and no need for 
double pipettings, shakers, or incuba- 
tors, the Triosorb Test can be more rap- 
idly performed than any other T-3 test. 


Convenience: Triosorb is in a disposable kit 
ready for immediate use at room tempera- 
ture, making it the simplest and most con- 
venient thyroid function test to perform. 


This sponge revolutionized 
thyroid testing! 


McAdams* reported that “The resin 
sponge (Triosorb) technique is superior to 
the erythrocyte method for performing the 
I's! T3 test in terms of simplicity, con- 
venience and elimination of errors char- 
acteristic of the erythrocyte procedure.” 


Triosorb is available to all doctors, hos- 
pitals and clinical laboratories — AEC li- 
censing is not required. Because Triosorb 
will enable far more screenings to be per- 
formed, this procedure may soon 


become as standard as today’s cz) 
blood counts and urinalyses. : 

*McAdams, G. B. and Reinfrank, R. F., Journal of 
Nuclear Medicine, 5:112, Feb., 1964. 411270 


T-3 DIAGNOSTIC KIT 








RADIO- 
PHARMACEUTICALS 
IN YOUR 
HAND 
TOMORROW 





The Volk Radiochemical Company has 
been producing radiopharmaceuticals and radiochemicals for human and 
research use for the past ten years. This is our only business. Continued 
technological improvements and innovations have been constant goals as 
exemplified by our pioneering production of Iodine-125 as a useful medical 
isotope and our introduction of the “Silver Saddle’’ which removes free 
iodide from iodinated organic compounds such as Hippuran. 





Twenty separate individual isotopic dose products are available in standard and special potencies. 


CONVENIENT—to the world’s busiest airport (Chicago’s O’Hare) insures delivery 
tomorrow via Air Express to any one of 21,000 U. S. cities. 


Collect call ordering ola sitimerteleme@ruiiveraarr| 
omelets - laboratory 


Skokie, Hlinois laboratory a (area code 213 849-6023) 
(area code 312 673-3760) 4 assures you that your orders 
i 


} 


are handled as specified. 





Write for the 1965 Volk Radiomedicines catalog. 


Volk RADIOCHEMICAL COMPANY 


CHICAGO—8260 Elmwood Ave., Skokie, Ill. 
LOS ANGELES—803 N. Lake St., Burbank, Calif. 

WASHINGTON—P.O. Box 335, Silver Spring, Md. 
NEW YORK—P.O. Box 345, New York, N. Y. 
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OHIO-NUCLEAR, INC. 
1275 Fall Avenue 
Cleveland, Ohio 44113 


621-8477 


December, 1964 


Gentlemen: 


You are invited to visit Cleveland and scan some phantoms 
with our 5-inch crystal Radioisotope Scanner. 


When we introduced 5-inch and 8-inch crystal scanners three 
years ago, they were intended for research programs. However, 
they made high resolution scans so rapidly that they soon began 
to be used very successfully for clinical studies. 


Consequently, those who are considering the purchase of a 
clinical radioisotope scanner should investigate and compare ours 
with the others available. We believe you will be glad you did. 


Sincerely yours, 


D. W. Steel 
President 
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1. Pho/Gamma Scintillation Camera. 


2. Pho/Dot Isotope Scanner. 





3. Renaltron IV. 


5. Well-Detector Counting System with Analyzer/Scaler. 


NUCLEAR 
INSTRUMENTS FOR 
CLINICAL RESEARCH 
AND DIAGNOSIS: 
COMPLETE, CURRENT, 
CREATIVE 


Since 1946, Nuclear-Chicago 
Corporation has designed and 
produced versatile, automatic 
instruments and systems for clini- 
cal research and diagnosis. 


The instrument or system that 
bears the Nuclear-Chicago name 
often provides the stimulus for 
the increasing use of radioiso- 
topes in clinical medicine. Here 
are but a few examples. There 
are more—instruments and sys- 
tems of proven merit and con- 
s antly enlarging application. 


P10/Dot™ Isotope Scanner—the 


most advanced scanner available. 
Automatic controls take the 
guesswork out of scanning. Sepa- 
rate photo- and dot-recording sys- 
tems produce a superb display 
of the location and concentration 
of isotope-labelled compounds 
within the human body. 


Pho/Gamma™ Scintillation Cam- 
era—faster, more efficient than 
the most advanced photome- 
chanical scanner. Because of its 
speed and sensitivity, it can (1) 
produce complete pictures of 
radioisotope distribution in 
organs or body areas at speeds 
up to ten times faster than photo- 
mechanical scanners and (2) 
produce rapid-sequence, stop- 
motion pictures of dynamic proc- 
esses such as the flow of isotopes 
into and out of an organ. 


In-Vivo Counting—with Thyrad™ 
and Renaltron™ Systems for eval- 
uating thyroid uptake and kidney 
function. Both use highly efficient 








4. Miniature Surgical Scintillation Probe Set. 


Nal(Tl) crystal detectors plus the 
latest solid-state electronics for 
reliable, long-term performance. 


In-Vitro Counting—with the 


largest selection of manual and 


automatic gamma systems. Ad- 
vanced electronics, sensitive 
Nal(Tl) crystal well-type detectors 
ensure a high order of reliability. 


Clinical Accessories—include a 
variety of mobile detector stands 
and instrument racks. Also avail- 
able are specialized detectors for 
surgical applications and a se- 
lection of scintillation detectors, 
collimators, and lead shielding. 


For further details, consult your 
Nuclear-Chicago sales engineer. 


@; 
NUCLEAR-CHICAGO 


313 Howard, Des Plaines, Ill. 60018 U.S.A. 


NUC:D-4-240 


Donker Curtiusstraat 7 
Amsterdam W, The Netherlands 














WITH THE MODEL 146 GENERAL PURPOSE SCALER 


YOU CAN COUNT ON A SURE THING! 


The model 146 General Purpose Scaler meets the needs of a broad range of counting applications — whether 
geiger, scintillation, or proportional. This instrument features one microsecond resolving time, count capac- 
ity to 9,999,999, and provisions for preset count and preset time. With the two input modes (voltage mode: 
1 millivolt sensitivity; current mode: no preamp required) and the 6KV high voltage power supply, a wide 
variety of counting gases such as helium isobutane, argon methane, and methane can be used. The transis- 
torized model 146 has plug-in card circuitry for reliability and ease of maintenance. 

Service available through all Baird-Atomic sales offices, in the U.S. and abroad. Write to the Baird-Atomic 
Instrument Division for our detailed technical data sheet AT 146 or for a demonstration by a field engineer. 

Scientists: Investigate challenging opportunities with Baird-Atomic. An Equal Opportunity Employer. 





BAIRD -ATOM/C,/NC. yi 33 University Road, Cambridge, Mass. 02138 i 


Subsidiaries: 
Atomic Accessories, Inc., Valley Stream, N. Y.; Chemtrac, Inc., Cambridge, Mass. Europe: B/A (Holland) N.V., 5A Hartogstraat, The Hague, Hollend 























MEDOTOPES’ 
SQUIBB RADIOPHARMACEUTICALS 


Medotopes reflect the latest developments in nuclear medicine. All provide the utmost 
in safety and convenience. All have unique packaging safeguards so that direct contact is 
never required. Exclusive lead shield enclosures are fitted with bottle caps that unscrew 
automatically. Saf-Tag® vials and bottles are carefully encased and double protected by 
transparent, shatterproof plastic coatings, and shipping cartons have convenient “pull- 
tab” openers. And, each preparation is custom-handled, each delivery custom-routed by 
Squibb Traffic Service. Access to three major airports expedites shipment. 


Squibb Radiopharmaceuticals are available to the AEC-licensed physician. For full 
information, write to Professional Service Dept., 


Squibb, 745 Fifth Avenue, New York 22, N.Y. Squibb Quality—the Priceless — 
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Radiological Health Section 
Established in American Public Health Association 


The American Public Health Association at its annual meeting in Oc- 
tober, 1964, established a Radiological Health Section. In taking this action, 
the Association provided a recognition to the rapidly growing radiological 
health programs throughout the country. This Section, the 15th to be estab- 
lished by the APHA, was formalized by the Association to provide a com- 
mon forum for persons interested in the public health aspects of radiation 
control. The Section will be concerned with such specific aspects as pro- 
gram aims and goals, laboratory methodology, operational procedures, and 
data processing. 


For further information, contact: 


American Public Health Association 
1790 Broadway 
New York, New York 10019 














The American College of Radiology has a new slide series available, 
“The production of x-rays and the interaction of radiation and matter”. 

The slides are in color and have an illustrated explanatory brochure. 
They are aimed at teaching the fundamentals of x-ray theory to groups 
such as radiology residents, x-ray technicans and medical students. 

The 30 color slides plus the accompanying commentary is available 
for $7.00 from the American College of Radiology, 20 North Wacker Drive, 
Chicago, Illinois. Glossy prints of four of the slides are available upon 
request. 
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International Organization for Medical Physics 


The First International Conference of IOMP will be held September 
8-10, 1965 at Horrogate, England. This will be followed by visits to hospi- 
tals and research centers in the north of Great Britain on September 13, 
and the south, excluding the London area, on the 15th. The London area 
will be toured the 17th. 


The main topics under consideration will be: 


Physics in Medicine and Surgery 
Physics Applied to Physiology 
Physics in Radiology 


There will also be a technical exhibition at Harrogate and scientific ex- 
hibits at the centers visited. All of those interested in the applications of 
physics to medicine and physiology are invited to this Conference, organ- 
ized by the United Kingdom National Committee for Medical Physics. 


For further information contact: 


Secretary 

United Kingdom National Committee for Medical Physics 
45/47 Little Britain 

London, E.C.1. 














STATEMENT OF OWNERSHIP, MANAGEMENT AND CIRCULATION 


(In accordance with Act of October 23, 1962: Section 4369, Title 39, United States Code) 

Statement filed October 1, 1964 for the Journal of Nuclear Medicine, which is published monthly, (January, 
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60601. The Journal of Nuclear Medicine is the official publication of the Society of Nuclear Medicine Inc. 
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Date 
January, 1965 
30-31 


February, 1965 
10-13 


14-15 


16-18 


24-26 


March, 1965 
1-5 


22-26 


25-26 


26-28 


April, 1965 


CALENDAR OF EVENTS 


Name of Course or Meeting 


17th Annual Midwinter Radiological Con- 
ference 


American College of Radiology 


1965 National 
Energy 


Symposium on Atomic 


National Topical Meeting on Nuclear Power 
Reactor Siting 


9th Annual Meeting—Biophysical Society 


16th Conference Analytical Chemistry and 
Applied Spectroscopy, Including Expo- 
sition of Modern Laboratory Equipment 


19th Annual Symposium on Fundamentals 
of Cancer Research 


Symposium on Personal Dosimetry for Ac- 
cidental High-Level Exposure to External 
and Internal Radiation 


Symposium on Physics and Chemistry of 
Fission 


Symposium on Advances in Tracer Metho- 
dology 


Southwestern Chapter—Society of Nuclear 
Medicine 


National Topical Meeting on Fast Reactor 
Technology 


International Symposium of Fission Product 
Release and Transport Under Accident 
Conditions 


American Radium Society 


Conference on Irradiation and Immune Re- 
sponses 


Conference on Atomic Spectra and Radia- 
tion Processes 


International Conference on Modern Trends 
in Activation Analysis 


xiv 


Place 


Los Angeles, Calif. 


Philadelphia, 
Pennsylvania 
Tokyo, Japan 


Los Angeles, Calif. 


San Francisco, 
California 


Pittsburgh, Pa. 


Houston, Texas 


Vienna, Austria 


Salzbourg 


Switzerland 


Dallas, Texas 


Detroit, Michigan 


Oak Ridge, Tennessee 


New Orleans, Louisiana 


London, Eng. 


Oxford, England 


College Station, 
Texas 





May, 1965 
10-13 


17-19 


June, 1965 


July, 1965 


28-30 


September, 1965 
22-28 


Symposium on Pulse Radiolysis 


National Topical Meeting on Fast Reactor 
Technology 


36th Annual Meeting of the Aerospace Med- 
ical Association 


Symposium of Research on the Middle of 
Neutron Pulses 


International Conference on Application of 
Numbers 
Methods to Problems of Reactors 


Annual Meeting of the Radiation Research 
Society 


IAEA Symposium—Radioisotope Sample 
Measurement Techniques in Medicine 
and Biology 


International Meeting on Working Methods 
in High-Activity Hot Laboratories 


12th International Scientific Congress and 
Exhibition on Electronics and 10th Nu- 
clear Congress 


American Society of Radiologic Technolo- 
gists 


12th Annual Meeting of the Society of Nu- 
clear Medicine 


1lth Annual Meeting of the American Nu- 
clear Society 


Joint Symposium on Thermodynamics of 
Materials Relevant to Nuclear Engineer- 
ing Development 


Reactor Operating Experience Meeting 


11th International Congress on Radiology 


This Calendar of Events will contain basic information on special 
members of The Society of Nuclear Medicine. If you desire more complete information, Mr. Samuel N. 
Turiel, Administrator of The Society will be pleased to supply you with the name and address of the 
convening body or sponsoring organization, upon receipt of your request. 


Manchester, Eng. 


Detroit 


New York; New York 


Karlsruhe, Ger. 


Argonne, III. 


Philadelphia, 
Pennsylvania 


Vienna, 
Austria 


Paris, France 


Rome, Italy 


Chicago, Illinois 


Bal Harbour, Florida 


Gatlinburg, Tennessee 


Vienna, Austria 


Idaho Falls, Idaho 


Rome, Italy 
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NEW REPRINTS 


Now Available 
Vols. 1-11. Paris 1946-1956 


(Partly in the original edition) 


Paper bound set 


Nuclear Science Abstracts 


Now Available 


Vols. 1-8. Washington 1948-1954 
Cloth bound set 
Paper bound set 


Vols. 1-3, 1948-1949 

Per volume, paper bound 
Vols. 4-8, 1950-1954 
(Vol. 4 includes Index to Vols. 1-4) 

Per volume, paper bound 
Vol. 11, 1957 

Paper bound in 2 parts 


Atomwirtschaft 


Available Winter 1964/65 


Vols. 1-6. Dusseldorf 1956-1961 
Cloth bound set 
Paper bound set 
Per volume, paper bound 





111 FIFTH AVENUE, NEW YORK, N.Y. 10003 


JOHNSON REPRINT COMPANY LTD. 


BERKELEY SQUARE HOUSE, LONDON W. 1, ENGLAND 


®) JOHNSON REPRINT CORPORATION 











HARSHAW 
Nal (T1) 


CRYSTALS 


pace Health Physics developments 


IN WHOLE BODY COUNTING 
® Crystals to 1144" Diameter 
@ Measured background spectrum 


® Resolution and Stability 
Performance Guaranteed 


PB 0. 


IN SCANNING 


® Best energy resolution @ Multi-Crystal Mosaics 
Smail Detectors for Dynamic Scanning 


®& Large Diameter Crystals 
for Pinhole Camera Techniques 


IN GAMMA DOSE 
RATE DETECTORS 


@ New Develop in Scintill 
Photoconductor Module for Dose Rate Measurement 
® High Sensitivity @ Fast Resp Time 








IN THERMOLUMINESCENT 
DOSIMETRY 


Activated LiF Offering @& High Sensitivity 
® Reproducibility @ Linear Energy Response 


IN CHARGED. PARTICLE 
DETECTION 


@ Surface Barrier Diodes offering minimum size 
for Probe Devices 
® Li Drift Detectors for Beta Detection 


Detailed information can be obtained from: 


Crystal-Solid State Division 
THE HARSHAW CHEMICAL COMPANY 
1945 East S7th Street © Cleveland, Ohio 44106 © Telephone 216 721-8300 


Utrecht, Netherlands—Contact Harshaw-Van Der Hoorn N. V. 
Frankfurt, W Germany—Contact Harshaw Chemie GmbH 





watchdog: 


Tracerlab Twin-film 
badge service 


plus many other nuclear services... 
scores of reliable radioactive sources 


Here’s the perfected film badge service — 
the unique Twin-film badge from Tracerlab. 
For complete laboratory peace of mind, for 
full detection of beta, gamma, neutron, x-ray 
and mixed radiation — the Twin-film badge 
assures health-guarding dosimetry. And 
computers speed results to you! 


Tracerlab provides a wide range of health 
physics services: bioassay * environmental 
analysis ¢ fission and corrosion products anal- 
ysis ¢ activation analysis * neutron absorp- 
tion measurement ¢ radioisotope applications. 


Radioactive sources? Tracerlab provides the 
safest, most reliable sources in the field. 
Stock or custom-made. For further informa- 
tion on a full range of sources and services 
for the nuclear field, contact Tracerlab. 


WALTHAM 54, MASSACHUSETTS 


© Film Badge Service ¢ Health Physics * Bioassays * Sources 
@ Nuclear ° hemicals ive Waste Disposal 
° 
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Announcement to Authors 
Preliminary Notes 


Space will be reserved in each issue of THE JOURNAL OF NUCLEAR MEDI- 
CINE for the publication of one preliminary note concerning new original work that is 
an important contribution in Nuclear Medicine. 


Selection of the preliminary note shall be on a competitive basis for each issue. 
One will be selected after careful screening and review by the Editors. Those not 
selected will be returned immediately to the authors without criticism. Authors may 
resubmit a rejected or revised preliminary note for consideration for publication in a 
later issue. The subject material of all rejected manuscripts will be considered 
confidential. 


The text of the manuscript should not exceed 1200 words. Either two illustrations, 
two tables, or one illustration and one table will be permitted. An additional 400 words 
of text may be substituted if no tables or illustrations are required. Only the minimum 
number of references should be cited. 


Manuscripts should be mailed to the Editor, Dr. George E. Thoma, St. Louis 
University Medical Center, 1402 South Grand Blvd., St. Louis, Missouri 63104. They 
must be received before the first day of the month preceding the publication month of 
the next issue, e.g., preliminary notes to be considered for the November, 1964 issue 
must be in the hands of the Editor before October 1, 1964. 
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INFORMATION FOR AUTHORS 


The Journal of Nuclear Medicine will publish original articles in clinical 
medicine, basic and clinical medical research, physics and chemistry dealing with 
the use of isotopes in humans, and articles on related subjects. The latter includes 
dosimetry, instrumentation, protection, techniques and biologic effects contribut- 
ing to the use or effects of isotopes in clinical medicine or the clinical effects of 
ionizing radiation. Articles are accepted for publication on the condition that 
they are contributed exclusively to this journal. Authors will please note that they 
alone are responsible for the TECHNICAL accuracy of their manuscripts. 


MANUSCRIPTS must be typed doubled or triple spaced, the latter being pref- 
erable, and with at least a one-inch margin on each side of a standard size page. 
The original with one carbon copy must be provided. 


TABLES must have captions and be numbered consecutively in Arabic num- 
bers. 


ILLUSTRATIONS should be in black ink on hard white paper with all lettering 
of sufficient size and clarity to permit reduction. Each illustration must be identi- 
fied by a label pasted to the back indicating its number, the author’s name and 
an abbreviated title of the article. The top of the illustration must be clearly 
indicated. Illustrations must have descriptive legends grouped on a separate 
sheet (double spaced). 


REFERENCES must be cited in the text by number in parentheses in order of 
appearance. A consecutive list according to reference numbers must be sub- 
mitted on a separate page, double spaced. Literature references must be cited 
in the following order: name of author, title of article, name of periodical, with 
volume, page, month (day of month, if weekly) and year. Book references must 
be cited in the following order: author’s name, name of book, editor’s name (if 
any ), city of publication, name of publisher and year of publication. 


Unused manuscripts will be returned by regular mail. Used manuscripts 
are not returned. Used illustrations are returned after the article is published. 
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Shown with 3” Detector and Photoscanner 


Scans in ANY PLANE 
with 
Patient in Any Position 








Model ST-300, 3 inch Scintimeter, complete 
with lead shielding and four focusing colli- 
mators, provides minimum background count 
and maximum resolution. 


_ Variable Scan Speed and Adjustable Spacing 


The only scanner that accepts both 2 and 3 inch 
detectors for scanning in any plane, Curtis 
Nuclear’s Model SN-250 Scintiscanner is designed 
to scan the brain, heart, liver, kidneys and other 
vital organs with no discomfort to the patient. A 
one operator instrument, its modular construction 
permits its use with a wide selection of detectors, 
collimators, and counting and recording instru- | 
ments. Features includes “joy stick” positioning, 
no large “over-the-patient” structure, illuminated 
outline of scan area, and universal head assem- 
bly that allows a multitude of tests in addition to 
scanning. 


When connected with the dual, transistorized Pho- 
toscanner, Model PS 123T, the scanner provides 
a choice of either continuous film exposure (rate) 
or periodic exposure (integral). 





Write for complete information and specifications to...§ = 


CURTIS NUCLEAR CORPORATION 
“first in scanning” 


THE ORIGINAL REED-CURTIS 


un 


1948 East 46th Street, Los Angeles, California 90058 





FIRST CHOICE 


ONE OUT OF TWO. Proof of the accepted superiority of Nuclear-Chicago's 
Pho /Dot isotope scanner for clinical use—every second scanner sold today is 
a Pho /Dot. 


TWO FOR THE SHOW. Pho/Dot's dual display of the location and con- 
centration of isotope-labelled compounds within organs and areas of the body. 
On X-ray film by a photorecording system. On paper by a dot-recording system. 


SECOND TO NONE. Human-engineered to eliminate operator error, Ad- 
vanced design with a multitude of electromechanical improvements. 


ONE, TWO, THREE WAYS. To make J 


sure you know about Pho/Dot: see 
your Nuclear-Chicago sales engineer, 
ask your colleagues, or write us. 


Cc 
NUCLEAR- -CHICAG 


EAR-CHICAGO CORPORA 
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313 Howard, Des Plaines, Ill 60018 U.S.A 7 


In In Europe: Donker Curtiusstraat 7 
Amsterdam W, The Netherlands 
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